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E-2961 through E-2965 are used 
with 

E-2950 Electro-Keratotome for cut- 

ting of buccal mucous grafts. 


Prices upon Request. 


Electro-Keratotome 
CASTROVIEJO 
For the Dissection of Lamellar Grafts. 


Procedure is shortened, and minimally trau- 
matized grafts of even thickness and as large 
as permitted by the donor’s eye are obtained, 
a result difficult to achieve by older methods, 
especially with larger grafts. 


¢ Small enough to observe the donor eye for which 
it is used only. 


Edge of cutting blade visible through open roller 
guards, enabling surgeon to start and complete 
graft at exact margins. Uses small, disposable, 
double-edged razor blade, Simple mechanism. 


Shims are provided in thickness of 0.1, 0.2, 0.3, 
0.4 and 0.5 mm.. permitting grafts from 0.1 to 
0.5 mm. thick, This method so accurately con- 
trols the thickness that two grafts of 6 mm. 
diameter have been removed from a single donor 
eye. 
INSTRUMENT ALSO USEFUL FOR cutting buccal 
mucous grafts for plastic repair in cases of symble- 
pharon or extensive scarring of the conjunctiva. The 
mucous membrane can be taken from the buccal 
surface of lip or cheek. It cuts the grafts so thin 
that they need no further thinning, which was im- 
possible with previous instruments. 


Head of instrument is Stainless Steel. Motor is rotary 
type, AC or DC, 110 V. 


Ref., Am. Journal Ophth., Feb. 1959 


E-2950 Electro-Keratotome, CASTROVIEJO: with 
one dozen blades, footswitch and Norelco motor... 


$176.00 
E-2952 Extra Blades for E-2950 per doz. ...$1.50 
CLAMPS 
E-2961 Clamp, Lip, CASTROVIEJO: “T” shape 
E-2962 Clamp, Lip, CASTROVIEJO: right 
E-2963 Clamp, Lip, CASTROVIEJO: left 
E-2964 Clamp, Cheek, CASTROVIEJO: small 
E-2965 Clamp, Lip, CASTROVIEJO: large 


Instrument Company 


4570 Audubon Avenue 


ST. LOUIS 10, MISSOURI 


New York Showroom: 157 E. 64th St—at Lexington Ave. 
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DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


ETHICON’ NEEDLE suTURES 


be 


hand-finished Micro-Point® needles 


@ unequaled sharpness by hand honing 


@ 40% greater strength 
@ increased stability in needle hoider 


@ reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and mi um tendengy to cut out of tissue. 
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aphakic patient yours need 


WHEN you're ready to write a prescription for 
a post-operative cataract patient, you’ve reached 
a primary objective—the formula for materials for 
reinstatement of his vision. 

Yet, at this stage a patient’s welfare may be far 
from secure. New considerations become primary. 
There is the quality of the vision the lenses will 
provide. There is the weight of the lenses—some- 
times quite a shock to the newly aphakic. 

But perhaps most important of all is the frame 
of mind that creeps over the patient as he comes 
to realize that his new glasses mark his special 
condition conspicuously. 

This need not be the case. Today's cataract pa- 
tient can wear glasses which seem very little differ- 
ent from those of others who wear strong correc- 
tions. These are glasses fitted with Panoptik Fused 
Lenticular Cataract lenses by Bausch & Lomb. 


THE LENS WITH THE 
CONTINUOUS FRONT CURVE 


The bulging front curve of a traditional strong 
convex cataract lens gathers highlights and shad- 
ows, adds thickness and weight. With a sharp de- 
parture in design, the Panoptik Lenticular Cata- 
ract lens is made from three pieces of glass fused 
together and finished in a single curve across the 
entire front. There is no protrusion in the lentic- 
ular area. As a result, evidence of this area is 
greatly reduced. Viewed from side angles, the len- 
ticular field disappears, a fact which holds true for 
the reading segment as well. 


Actual cross-section photo 
(enlarged) of PLC Lens: 

+ 13.25 sphere > —o.50 cylinder 
Center thickness 5.8mm 


Thickness is greatly reduced at the center—and 
correspondingly, weight is reduced. This is a 
thinner, flatter, lighter lens. 


ADVANCED GLASS PROCESS 
MAKES PLC POSSIBLE 


Modern lens design employs high index barium 
crown glass to do much of the job formerly de- 


Panoptik Fused Lenticular 
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worry about his appearance 


pendent on surface curvatures. The reading seg- 
ment and lenticular field of PLC lenses are made 
from this glass. The low-power outside portion, or 
carrier, is an area through which large objects and 
movements on the side can be detected. 

The three major pieces, the carrier, lenticular 
field, and reading segment, are produced by a 
highly advanced process involving the use of “con- 
tinuous flow” automatic furnaces. Chief techno- 
logical advance lies in platinum-lined “miracle” 
chambers which hold the glass at critical temper- 
atures through melting and fining. Not until re- 
search and engineering developed this process 
was it possible for Bausch & Lomb to obtain the 
necessary optical quality to make this lens prac- 
tical in commercial quantities. 


LATITUDE IN POWER RANGE, 
IN SEGMENT LOCATION; EASY TO 
PRESCRIBE AND FIT 
Probably one of the most direct and immediate 
benefits to the doctor is PLC’s adaptability in pow- 
er range and segment placement to almost any 
cataract need. It is a satisfaction to prescribe. 
The doctor rests assured that fitting will be per- 
fect because the optical centers are easy to locate 
where they belong, and the distance field has all 
the diameter required, between 28 and 33mm. The 
Panoptik shape of the reading segment is wide at 
the top with rounded corners conforming to nat- 
ural reading habits. 
In certain cases where an adjustment of the 


Cataract Lens 


original prescription may be necessary, the orig- 
inal lenses can be resurfaced, because the reading 
segment is located between the carrier and the len- 
ticular field. Optically, image 
jump, marginal astigmatism 
and chromatic aberration are 
minimized. Panoptik Lentic- 
ular Cataract is a lens of max- 
imum optical capacity. 
Next to the aphakic pa- 
tient’s desire to see is his desire not to be conspicu- 
ous by virtue of his handicap. The Panoptik Fused 
Lenticular Cataract not only gives him vision at its 
best, it offers its own additional and exclusive meas- 
ure of cosmetic advantage and physical comfort. 
Every cataract patient deserves these benefits. 
PLC may be prescribed in white or Soft-Lite. 
Available always in full power range from any 
supplier of Bausch & Lomb ophthalmic materials. 
For your own examination, and for help in 
explaining lens function to patients, an actual 
cross-section sample of a Panoptik Fused Lentic- 
ular Cataract lens is yours for the asking. Simply 
write Bausch & Lomb, or mail the coupon below. 
(For a limited time only.) 


BAUSCH & LOMB OPTICAL CO., 
Dept. F-068, Rochester 2, N. Y. 


Sirs: Please send, without obligation, 
i one of your sample cross-section PLC lenses. 


Name. 


Address 
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Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 
Editor. Articles are accepted for publication on condition that they are contributed solely to this 
journal. 


An original typescript of an article, with one carbon copy, should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a l-inch margin at 
each edge. Another carbon copy should be retained by the author. 


The main title of an article may not contain more than eighty characters and spaces; a 
subtitle may be of any length. 


The author’s name should be accompanied by the highest earned academic or medicai 
degree which he holds. If academic connections are given for one author of an article, such 
connections must be given for all other authors of the article who have such connections. 


If it is necessary to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 
in another publication should be accompanied by a statement that permission for reproduction 
has been obtained from the author and the original publisher. 


Oversized original illustrations should be photographed and a print on glossy paper sub- 
mitted. Prints of a bluish tinge should be avoided. Large photomicrograph prints will be re- 
duced in scale unless portions to be cropped are indicated by the author. The author should 
submit duplicate prints of roentgenograms and photomicrographs with the essential parts that 
are to be emphasized circled, as a guide to the photoengraver. 


Charts and drawings should be in black ink on hard, white paper. Lettering should be 
large enough, uniform, and sharp enough to permit necessary reduction. Glossy prints of x-rays 
are requested. Paper clips should not be used on prints, since their mark shows in reproduc- 
tion, as does writing on the back of prints with hard lead pencil or stiff pen. Labels should 
be prepared and pasted to the back of each illustration showing its number, the author’s name, 
and an abbreviated title of the article, and plainly indicating the top. Charts and illustrations 
must have descriptive legends, grouped on a separate sheet. Tables must have captions. IL- 
LUSTRATIONS SHOULD BE UNMOUNTED. 


References to the literature should be limited to those used by the author in preparation of 
the article. They should be typed on a special page at the end of the manuscript. The citation 
should include, in the order given, name of author, title of article (with subtitle), name of peri- 
odical, with volume, page, month—day of month if weekly or biweekly—and year. References 
to books must contain, in the order given, name of author, title of book, city of publication, 
name of publisher, and year of publication. 
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a scientific corner 


FOR INFORMAL DISCUSSION OF YOUR OPTICAL PROBLEMS 


che House of Vision ™ 
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AMES DAVENPORT NEWTON 


Is there one all-purpose bifocal? The answer is 
emphatically no! There is no universal bifocal 
satisfactory for every patient, for every type of 
prescription, for every vocation. To understand this, 
let us consider briefly the primary practical and 
optical considerations in bifocal selection. First, 
what bifocal has the patient been wearing? If 
satisfactory, continue with the same type unless 
some change in the prescription (for optical or 
vocational reasons) calls for a change in type. 
Second, suit the size of the segment to vocational 
needs. Third, choose the bifocal segment which in- 
duces a prismatic effect opposite to the prismatic 
effect induced by the distance correction at the read- 
ing point. This results in reduced object displace- 
ment, less aberration and less induced astigmatism 
caused by the difference in optical and visual axes. 


Following is a brief catalog of the principal bifocal 
types and their characteristics: 


KRYPTOK—An inexpensive, inconspicuous, all-pur- 
pose bifocal. Satisfactory in additions below 1.75. 
Recommended where price is chief consideration. 
Not recommended in strong additions or strong dis- 
tance corrections, due to chromatic aberrations 
caused by flint glass segment. Size of segment 16 to 
22 mm. round. 


FLAT-TOP (INCLUDING PANOPTIK AND FUL- 
VUE)—Main blank crown glass, with a barium 
crown segment. A good all-purpose bifocal for 
minus corrections and weak plus corrections. Not 
recommended for strong plus corrections, due to 


WHICH BIFOCAL IS BEST??? 


increased chromatic aberrations and lack of cor- 
rective prismatic effect. Available in diameters from 
16 to 28 mm. 


ULTEX A—A most desirable lens for vocational 
use, from an optical standpoint—particularly for 
strong plus corrections, where the base down effect 
of the segment balances the base up effect of the 
plus distance lens. Made from one piece of crown 
glass, it is devoid of fusing and chromatic aberra- 
tions. Can also be used as an all-purpose bifocal. 
Maximum segment size 20 mm. high and 40 mm, in 
diameter. 


ULTEX B—An excellent all-purpose bifocal for 
street wear and good reading efficiency. Incon- 
spicuous. Made from one piece of crown glass; 
therefore has a minimum of chromatic aberration. 
Segment 22 mm. round. 


ORTHOGON D and TILLYER D—A good invisible 
bifocal, with less chromatic aberration than a 
Kryptok, due to the barium ground button used in 
the segment. Segment 20 and 22 mm. round. 


EXECUTIVE—Strictly a vocational bifocal. Not 
desirable for street wear. Ground from one piece 
of crown glass. Monocentric. Minimum of chro- 
matic aberration. Segment extending in a ‘straight 
line across entire length of lens. Ideal for ac- 
countants, architects and desk workers. 


The proper bifocal selection complements a fine re- 
fraction. 


“Uf it’s a lens problem, let’s look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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‘the important factors 
in topical eye therapy 


antibacterial 


Vernal 
conjunctivitis 


METRETON 


Ophthalmic Suspension 
combining METICORTELONE and CHLOR-TRIMETON 
in vernal conjunctivitis / episcleritis 
allergic blepharitis | ocular involvement of hay fever 
allergic conjunctivitis / other ocular allergies 


Clearing after 
3 days of therapy 
with 

METRETON 
Suspension 


supplied: 5 cc. dropper bottle. 


METRETON,® brand of corticoid-antihistamine compound. 
METICORTELONE,® brand of prednisolone. i 
CHLOR-TRIMETON,® brand of chlorproph idamine preparations. 


SCHERING CORPORATION + BLOOMFIELD, NEW JERSEY 


MS-J-119 
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SPECIALIZED 
LABORATORY 


There are many special vision 
problems which can be corrected by 
application of contact lenses. 

The Plastic Contact Lens Company 
has recognized this and set up 
complete laboratory facilities for 
supplying you with lenses to 

meet your individual needs. 


For your subnormal vision cases, 
lenses are made for use in telescopic 
combinations which offer -20.00, 
-40.00 and -60.00 diopters of power 
with minimal thickness to attain the 
necessary degree of comfort. 
Lenticular lenses are available for 
aphakic cases giving reduced center 
thickness without the accompanying 
sharp edge. Bifocal lenses are produced 
for your presbyopic problems. 
Universal cone lenses with multiple 
curves were designed to aid in 

the extreme keratocomus case. 


If you have a problem case, write to 
your specialized laboratory for 
information. Throughout the years we 
have brought you the special lenses to 
take care of your unusual problems. 


THE PLASTIC 
CONTACT LENS 
COMPANY 


59 East Madison Street * Chicago 3, Illinois 
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The Medical Specialist Who 
Examines Your Eyes THE GUILD OPTICIAN 
(Scientifically Trained Technician) 


The Craftsman Who Makes, Fits 
and Services Your Glasses 


The Eye-Physician whose judgment is backed by a 
thorough medical education and specialized grad- 
uate study—he examines your eyes for health as 
well as for vision. 


The Guild Optician whose training and skill as- 
sure lenses correctly ground to the eye-physician’s 
prescription, and who knows that fitting must be 
related to occupation, stance, work habits, comfort 
and style and who gives after-care for the life of 
the glasses. 
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IN INFLAMMATORY AND ALLERGIC EYE AND EAR CONDITIONS 


EYE-EAR OINTMENT 


CO Acetonide 0.1% 


Combining ARISTOCORT acetonide ,.. described as one of 
the most effective topical corticosteroids yet introduced* 
..and the outstanding topical antibiotic; Neomycin. 


NEO-ARISTOCORT provides excellent topical treatment of a 
wide variety of inflammatory and allergic eye and ear con- 
ditions where infection is either present or anticipated. 


NEO-ARISTOCORT EYE-EAR OINTMENT contains: Triam- 
cinolone Acetonide 0.1% and Neomycin Sulphate (0.35% 
base) 0.5% as the achive ingredients; and light liquid pet- 
rolatum N. F. 15%, wool fat U.S.P. 10%, and white petrola- 
tum U.S.P. q.s. w/v 100% as the inactive ingredients. 
Tubes of oz. 


Also available: 


Aristocort 


lone Acetonide 0.1% GREAM 


and 15 Gm. 


AND 
OINTMENT 


*Baer, R.L., and Witten, V. H.: Editorial Commént. In The Year Book of Dermatology and ‘Bolter (1958-1959 


Year Book Series), Edited by Rudolph L, Baer and Victor H. Witten, Chicago, The Year Book 


ublishers, 1959, p. 40. 


(Geter) LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, N.Y. 
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| O SPECIALTY JOURNALS 


PUBLISHED MONTHLY 
BY THE AMERICAN MEDICAL ASSOCIATION — 


= 


NEUROLOGY 


GENERAL L PSYCHIATRY 


RNAL "MEDICINE 
"OTOLARYNGOLOGY 
Each journal offers the latest medical research and developments of outstanding secialit. 
Edited for the doctor by prominent authorities in each special field, these journals are ©! 


value not only tothe specialist but to the general practitioner as well. 
To order your subscription to one of the A.M.A.’s specialty journals use the form bic. 


AMERICAN MEDICAL ASSOCIATION (One year rates) 
535 North Dearborn © Chicago 10 APO's Possessions ms 


Please enter my subscription to the specialty journal checked at right. ~~ — on tomas men $14.50 $15.50 


Remittance for one year [] two years is enclosed. CAMA. Arch. D 
CAMA. Arch. Industrial Health. 10.00 
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A. GRAEFE EYE FIXATION 


FORCEPS 

With and without spring 
catch. Stainless. 4.00 ea. 
JAEGER ANGULAR 


KERATOMES 

Medium ....... 2.00 ea. 
GRAEFE CATARACT 
KNIVES Stainless 
Small .........3.75 ea. 
Medium ....... 3.75 ea. 


. EYE DRESSING 
FORCEPS 

Delicate, Serrated, 
Straight Half-Curved, 
Full Curved 

Stainless ....... 3.00 ea. 
LAMBERT CHALAZION 
FORCEPS 

Stainless ...... 5.75 ea. 


SCHIOTZE 


TONOMETERS 

Certified Imported from 
Germany — Guaranteed 
Accurate. Over 600 


21.50 
. PARK GUYTON EYE 

SPECULUM 

Stainless .......... 9.50 


. WEEKS EYE SPECULUM 
Stainless Sklar . 4.50 ea. 


- ELLIOTT CORNEAL 


TREPHINE 

With 2 Each |'/,, 2MM 
Blades in Case .... 12.50 
. KALT EYE NEEDLE 
HOLDER 

Stainless ......... 13.50 
KIRBY UTILITY 
FORCEPS 

Stainless ....... 7.50 ea. 
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Stainless 3.50 ea. 
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YOU AND 
will 


With this selection of seven smart 


styles—solid zyl, clear bridge, and 
combinations in both zyl and alu- 


minum ...in a full range of sizes, 


colors and temples —you can fit 


Ronsir Browline® Frame 
with Taper temples 
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Rondean Clear Bridge 
with Imperial temples 
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almost all men patients with the 
seeing they need, the comfort they 
want, and the look you'll both like. 
Shuron Optical Company, Geneva, 
N.Y., Rochester, N.Y. 


OR MODERN MEN 


Ronsir Shurtone 
Browline® Frame 


Rondon Browline® 
Frame in aluminum, 
with Regis temples 
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Performance, Identification, 


appearance, too! & 


UNiIViIS 


Not that the segment is invisible. It isn’t. But it’s extremely | 
CART ogre RTRSY inconspicucus because of very thin segment line, shorter seg- 
ment line, rounded corners and perfect fusion. 
| 


Who wants “secret” segments? Many bifocal wearers, 
many of those who prescribe and fit them. Cosmetic excellence 
is one reason why new Univis I.S./22 is destined to become 
one of America’s most popular lenses. 


What else? Minimum segment jump with optical center 
only 4 mm. below segment line. Perfectly straight-top segment 
to eliminate patient confusion and for maximum accuracy of 
compounded Rx’s. Perfectly matched segments and complete 

Note the perfectly straight-top freedom from cylinder and aberration through the precise con- 
segment line and rounded corners 


in the unretouched photograph. trol of Univis-designed 8-zone low temperature furnace. 
Identification? Just look for the segment shape. 
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R Master Phoroptor...designed 


American Optical’s Rx Master Phoroptor makes refractions 
easier for you and more pleasant for your patients. Func- 
tional design, that will stay modern for years to come, pro- 
vides unequalled convenience and performance. “American 
Beauty” styling and bright, fresh colors add a warm, friendly 
note that puts your patients at ease. In addition to the Rx 
Master Phoroptor, all AO Screening Perimeters, Project-O- 
Charts, tables and stools as well as chairs and units are avail- 


to be modern for years to come 


able in “American Beauty” styling and colors... Jade Green, 
Ivory Tan and sparkling Coral. Let AO's color-matched 
instruments and equipment work for you to create an office 
that will truly reflect your own high professional standards 
and your sincere regard for the comfort of your patients. 


American ®& Optical 


COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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in a fraction 
of the time 


AO’s Rx Master Phoroptor answers the prob- 
lem you face every professional day—how to 
handle as many patients as possible and yet 
give each individual the very best attention 
possible. 
The Rx Master is 
quick and accu- 
rate, allows you to 
work fast without 
hurrying the pa- 
tients, Its modern, 
precise appearance 
reflects your own 
thorough, exact- 
ing professional 
standards, 
With Ful-Vue Vergence, your patients always 
look directly through the system “on center” 
.-. no oblique viewing or partially overlapping 
fields. You'll appreciate the automatic pickup 


Use AO’s Rx Master Phoroptor 


For Accuracy and Convenience 


? 


of sphere power from one dial . . . as well as 
automatic pickup of cylinder power to 6.00 D 
from just one control. 

Rugged, washable Roto-Chart provides you 
with twelve near point tests . . . dialed simply 
into position, And AO’s Tri-Loupe turret i 
tures all three loupes in a single plane close to 
the main viewing apertures, which results in 
short total optical path and widest field of 
view. 

Finished in jade green, coral, ivory tan or 
black, the Rx Master is a striking addition to 
your examining room decor. 


Ask your Sales Representative for a demonstra- 
tion or write Dept. 513. 
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The House of Vision invites you to see 
the ALL NEW and improved 


HAAG:STREIT slit-lamp “900” 


The all new Haag-Streit Slit-Lamp “900” 
introduces pacesetting advancements in 
mechanical and optical design—all espe- 
cially designed to facilitate the ophthal- 
mologist's work. 


+ INumination is as much as twice as brilliant. 


+ New inclining device and rotatable slit let 
you get oblique, horizontal and vertical sec- 
tions—no prisms or attachments needed. 


« Extremely convenient dual controls—use 
either hand. 


* New improved Hruby lens mounting—lens 
follows microscope movements while frontal 
distance of lens in relation to eye remains same. 


« New design fixation lamp—always in focus 
to patient—eliminating accommodation and 
convergent movements. 


¢ All important parts are self-adjusted, inter- 
changeable units— permit ready use of acces- 
sories. 

+ Aplanation Tonometer can be attached and 
removed at will—no other adjustments neces- 
sary. 


Write for FREE illustrated, descriptive brochure 


che House of Vision ™ 


Your present 
Slit Lamp has a 
trade-in value 


137 No. Wabash « Chicago 2, Illinois 
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FOR EYES OF EVERY HUE.... CYCLOGYL” FOR CYCLOPLEGIA 


NEW... FOR THE DARK BROWN OR BLACK IRIS .. . CYCLOGYL 2% WITH PVP— 
the special soothing base containing PVP (polyvinylpyrrolidone) permits use of a higher 
concentration, effective even in the most darkly pigmented iris. 


FOR THE BROWN OR HAZEL IRIS . . . CYCLOGYL 1% 
FOR THE BLUE, GRAY OR GREEN IRIS . . . CYCLOGYL 0.5% 
VALUABLE TIMESAVING -— effective within 30 minutes — rapid recovery when a miotic 


is used.* 


MAXIMAL SAFETY “... no significant variation of intraocular tension has been reported 
.. does not produce any undesirable local or systemic effects following repeated 


instillation ...it is relatively nonirritating and nonsensitizing ... animal studies show’ 


low toxicity...’ 


INDICATIONS: Refraction. When both cycloplegia and mydriasis are desired in treat- 
ment of iritis, iridocyclitis, keratitis and choroiditis — preoperatively for cataract or other 
appropriate surgery. (Cyclomydril™ [Cyclogy! 0.2% with phenylephrine 1%] is indicated 
for diagnostic procedures and therapy requiring only mydriasis). 


AVAILABILITY: New Cyclogy] 2% ccccsccsscssnesnesen 7.5 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 

yl 19 15 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 

Cyclogy] 0.5% ...cccceccececsesseseeees 15 ml. dropper bottle 


SAMPLES AND LITERATURE AVAILABLE ON REQUEST {When = miotic cannot be used. 


recovery occurs within 24 hours. 


1. New and Nonofficial Drugs; J. B. Lippincott Company, Philadelphia, 1958, p, 248. 
Sohinffelen Pence 4794 


CYCLOGYL 


New York 3, N.Y. (cyclopentolate hydrochloride, Schieffelin) 
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Irregular astigmatism, keratoconus, 
or aberrations of the corneal surface 
are conditions which will not allow 
patients to see things as they really are. 
The variations in curvature of the 
front surface of the cornea will refract 
light to different distances and in 
different directions. The spectacle lens 
will do very little to correct the 
irregular refraction of light by the 
cornea. Something is necessary to 
regularize the curvatures of the cornea. 
Proper fitting of a contact lens will 
take care of these conditions which 

are otherwise uncorrectable by 

any other means. 


Uncorrected, the anterior and 
posterior surfaces of the precorneal 
fluid will conform to the surface of the 


THIS 


PROBLEM? 


THE 


cornea and maintain the irregular 
curvatures. With application of a 
contact lens, the front surface of the 
precorneal fluid conforms to the he 
regular surface of the contact lens, cS ee 
thereby creating a spherical eye out : 
of an originally distorted curvature. 


| 
In this way, patients with conditions | be: 
which are often thought to be : 
hopeless, can once again resume their 
work in a normal world with 
norma! vision. 


To the center 
of your contact 
lens problem 
the Plastic Contact Lens Company 
69 EAST MADISON STREET © CHICAGO 3, iLLinon 
“Dedicated to Knowledge and Research’ 
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ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseidomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers, 


e their component antibiotics rarely sensitize. 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 cc. with sterile dropper. 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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AMERICAN JOURNAL 
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integrate your knowledge— 
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INTERNAL MEDICINE 
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A. M. A. Archives of 
OTOLARYNGOLOGY 


subscribe to 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 
to your practice. Begin your subscriptions 
TODAY. 


Department (D. C.) 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, 


Begin my subscription(s) NOW, for: 
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you hours of reading 
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with timely tips every month... 
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‘now... a companion 
‘to DIAMOX? in Glaucoma” 


Baderie 


The long-term effectiveness of DIAMOX in glaucoma is now supplemented by that 
of NEPTAZANE. Both drugs are carbonic anhydrase inhibitors and act by limiting 
aqueous inflow...but not necessarily with equal effect in the same patients. 


In extensive trials nearly three-quarters of all cases apn: to long-term 
__ therapy responded either to DIAMOX or NEPTAZANE. 


NEPTAZANE is then indicated and frequently successful. Either drug is usually 

employed with standard miotic therapy. DIAMOX dosage: one 250 mg. tablet 
_ every four hours. NEPTAZANE dosage: one or two 50 mg. tablets, two or three 
i times daily. 


E LEDERLE LABORATORIES, 2 Division of AMERICAN CYANAMID COMPANY, Pear! River, New York (Zari) 
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unexcelled absorption of drugs, lubricate and soothe | 
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Tumors of the Brain Stem with Special Reference to 


Ocular Manifestations 


PAUL C. BUCY, M.D., and JAMES E. KEPLINGER, M.D., Chicago 


The invitation received to address the 
Section on Ophthalmology is an honor in- 
deed. This is doubly true under the chair- 
manship of your distinguished Dr. Frank B. 
Walsh, who has contributed so much in the 
field of neuro-ophthalmology. 

The past 30 years have seen a great im- 
provement in the diagnosis of tumors of 
the brain and particularly in their early 
recognition. Ophthalmologists especially 
have contributed to this progress. In the 
late 1920's and early 1930’s between 75% 
and 85% of all patients with tumors of the 
brain had papilledema by the time they 
reached the neurological surgeon. Today 
not more than 30% of the patients who are 
operated upon for tumors of the brain have 
such ophthalmoscopic findings. This is ob- 
viously the result of the earlier recognition 
of these tumors and has enabled the neuro- 
surgeon to improve his results and to lower 
the mortality from his operations. This 
earlier recognition has also increased the 
diagnostic problems.. These have been met 
in some measure by the introduction of new 
diagnostic techniques, particularly pneu- 
moencephalography and cerebral angiog- 
~ Received for publication June 25, 1959. 

From the Northwestern University School of 
Medicine and the Section on Neurological Sur- 
gery of The Chicago Wesley Memorial Hospital. 

Read before the Section on Ophthalmology at 
the 108th Annual Meeting of the American Medi- 
cal Association, Atlantic City, N. J., June 12, 
1959, 


raphy. However, one cannot place complete 
reliance on any laboratory or mechanical 
diagnostic procedure. Almost daily we are 
confronted with patients harboring intra- 
cranial tumors in whom one or all of the 
diagnostic adjuvants are negative. It is im- 
portant but not always easy to teach our 
young associates that a negative electro- 
encephalogram, a normal x-ray film of the 
skull, or a normal pneumoencephalogram 
or a cerebral angiogram which demonstrates 
no abnormality does not rule out the possi- 
bility that the patient has a brain tumor. An 
alert, well-informed clinician is still the 
most important diagnostic instrument. A 
carefully taken history, an adequate and 
critically performed examination, and sound 
clinical judgment are his most important 
diagnostic tools. 

Certain tumors of the brain are more 
likely to come first to the attention of cer- 
tain medical specialists. Thus the patient 
with an acoustic neurinoma is usually first 
seen by the otologist, while one with a 
pituitary adenoma commonly first consults 
the ophthalmologist regarding his failing 
vision. Likewise, many of the patients with 
tumors of the brain stem first come to the 
attention of you men who concentrate on 
disorders of the eyes. This is true because 
so many of these patients develop disturb- 
ances of their ocular movements early in 
the course of their disease. 
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Fig. 1.—Typical glioma of the brain stem. The 
pons is greatly enlarged and nodular (Case 55 of 
Bailey, Buchanan, and Bucy). 


General Considerations 


Before we proceed to discuss the ocular 
manifestations of tumors of the brain stem 


let us briefly review the general aspects of 
such tumors. 


With rare exceptions intrinsic tumors of 
the brain stem are infiltrating gliomas. 
Microscopically they differ rather consider- 
ably, and we need not concern ourselves 
here with the differences of opinion regard- 
ing what terminology should be applied in 
classifying these tumors. It is important 
that we realize that these tumors develop in 
and occupy the pons predominantly (Figs. 
1 and 2). As they are invasive they do not 
confine themselves to that portion of the 
neural axis but extend downward into 
the medulla oblongata and upward into the 
mesencephalon for variable distances (Fig. 
2). Primary tumors of the medulla ob- 
longata also occur but are rare (Fig. 8), 
while intrinsic gliomas involving the mid- 
brain predominantly are somewhat com- 
moner (Fig. 10 a and b). These tumors 
involve and destroy the nerve cells found 
in these areas, and thus manifestations of 
involvement of the various cranial nerve 
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Fig. 2.—Glioma of brain stem. The involvement 
is greatest in the pons, but the tumor extends for- 
ward into the mesencephalon and downward into 
the medulla oblongata (Case 53 of Bailey, Buc- 
hanan, and Bucy). 


nuclei and of the vestibular nuclei are 
commonly seen with such tumors. The cells 
of the tumor tend to infiltrate among the 
nerve fiber pathways, often only pushing 
them aside without destroying their func- 
tions. Thus the evidences of involvement 
of the ascending sensory pathways, the de- 
scending motor tracts, and of the cerebellar 
connections vary widely from case to case. 
This tendency for these tumors to infiltrate 
among the fiber tracts in these cases was 
demonstrated clearly in a case which was 
reported by Bucy, Foerster, Gagel, and 
Mahoney. In that instance, although one 
side of the brain stem was extensively in- 
vaded by the tumor, and the tegmentum as 
well as the medullary pyramid and cerebellar 
peduncles appeared to be thoroughly in- 
vaded (Fig. 3), the patient had no signs of 
paralysis, no alteration in reflexes in the 
extremities, and uo sensory disturbance. 
This case also demonstrated in a striking 
fashion that, although these tumors in gen- 
eral tend to involve both sides of the brain 
stem, they may be very asymmetrical. On 
the other hand, relatively symmetrical in- 
volvement of both sides of the pons is com- 
mon (Fig. 4). In general, it may be said 
that the cerebellar pathways are least re- 
sistant to these tumors and the descending 
motor pathways are the next most suscepti- 
ble, while clinical evidence of involvement 
of the sensory pathways is seldom found. 
These tumors show no tendency to occur 
more often in one sex or, so far as is 
known, in any racial group (Bray, Carter, 
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and Taveras). There is, however, a great 
selectivity so far as the age of the victims is 
concerned, These are predominantly tumors 
of childhood. They only occasionally de- 
velop in patients over 20 years of age. In 
a random survey of 105 cases reported in the 
literature we found 63 in the first decade 


of life, 28 in the second, and only 14 in 


Fig. 4—Glioma of the 
pons with more nearly 
symmetrical involvement 
(after Alpers and Yas- 
kin). 


Fig. 3.—Glioma of the 
brain stem largely limited 
to one side, Although the 
medullary pyramid, the 
tegmentum, and the in- 
ferior cerebellar peduncle 
are extensively involved, 
there was no paralysis, 
alteration in reflexes, or 
change in sensory per- 
ception (after Bucy, 
Foerster, Gagel, and Ma- 
honey). 


patients over 20 years of age (Fig. 5). The 
highest incidence was in children 5 to 9 
years of age. In that age group 43.8% of 
the cases occurred. It is obvious that the 
diagnosis of an intrinsic tumor of the brain 
stem in an adult should always be suspect 
and should never be accepted without con- 
clusive confirmatory evidence. The impor- 
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Fig. 5.—The age inci- 
dence of intrinsic tumors 

of the brain stem oc- g 
curring in 105 cases se- 
lected from the literature. & 
The predominance in pa- « 
tients less than 20 years 

of age is obvious, The : 
peak incidence (43.5%) 
occurred in patients 5 to 

9 years of age. 


tance of this position will be substantiated 
later. 

It may appear to some of my readers that 
we are speaking here of a very uncommon 
condition. Unfortunately such is not the 
case. Any neurological surgeon associated 
with a large pediatric service will attest to 
that fact. A number of years ago in their 
study of intracranial tumors in infancy and 
childhood, Bailey, Buchanan, and Bucy 
pointed out that intrinsic tumors of the 
brain stem form 15% to 20% of the intra- 
cranial tumors in patients under 15 years 
of age. 


Signs and Symptoms 


The onset of symptoms with intrinsic 
gliomas of the brain stem may be with the 
awkwardness and ataxia of cerebellar in- 
volvement, with the unsteadiness of gait 
which results from damage to the vestibular 
mechanism, or with the weakness of the 
extremities associated with lesions of the 
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descending motor pathways. In many cases 
the initial symptom is the double vision and 
internal strabismus produced by involve- 
ment of the abducens nerve and the result- 
ing paralysis of the lateral rectus muscle. 
In practically all cases some disturbance of 
the extrinsic or, less commonly, the intrinsic 
muscles of the eye develop sooner or later. 

In the accompanying chart (Fig. 6) are 
recorded the incidence of involvement of 
the various cranial nerves in 100 verified 
cases of glioma of the brain stem taken 
from the literature and in 48 cases studied 
by Bray, Carter, and Taveras. The major- 
ity of the diagnoses in the cases studied by 
Bray, Carter, and Taveras were made by 
clinical means and had not been verified at 
the time of their report. Their cases were 
not as far advanced as those which we 
collected. This accounts for many of the 
differences in the two sets of figures. It 
will be noted in our figures that the abducens 
(6th cranial) nerve is the one most com- 


ae Fig. 6.—Involvement of 

various cranial nerves 
with gliomas of the brain 
stem. On the left (cross 
hatched) are the percent- 
ages from 100 verified 
cases taken from the lit- 
erature (verification was 
usually by autopsy), and 
on the right (stippled) 
are figures from 48 cases 
studied by Bray and his 
associates, In their cases 
the diagnoses usually 
rested upon various clini- 
cal procedures, and the 
patients often were alive 
at the time of the study. 
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monly affected, and this has been the ex- 
perience of most observers. Its importance 
is further advanced by the facts that it is 
often one of the first cranial nerves to be 
involved, its involvement is usually very 
obvious to the patient even when it is slight, 
and its involvement is commonly complete 
even early in the course of the disease. 
The involvement of the abducens nerve may 
be unilateral or bilateral. It is characteristic 
of tumors of this type that such a paralysis 
of the lateral rectus muscle is rather fre- 
quently associated with a paralysis of lateral 
conjugate deviation of the eyes to the side 
of involvement or with an abolition of all 
movement of both eyes in a horizontal plane 
in cases where both abducens nuclei are 
involved. It appears likely that this paraly- 
sis of lateral conjugate deviation is due to 
interference with the connections between 
the abducens nucleus and the oculomotor 
(3d cranial nerve) nucleus, which innervates 
the contralateral internal rectus muscle 
which is responsible for the lateral devia- 


fi------ I Nucleus 
en’: 
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Fig. 7.—Connections through the median longi- 
tudinal fasciculus between the nuclei of the various 
cranial nerves (3d, 4th, and 6th) which innervate 
the ocular muscles. 
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tion of the eye opposite the paralyzed 
abducens nerve. The connection between the 
abducens and the oculomotor nuclei takes 
place through the median longitudinal 
fasciculus (Fig. 7). 

This involvement of lateral rotation of 
the eyes is probably the most characteristic 
finding in cases of pontine tumors. It is not 
that external rectus palsies do not occur in 
other conditions, for they do, but the devel- 
opment of an abducens paralysis in a child 
in the absence of increased intracranial 
pressure, particularly if it is associated with 
a paralysis of lateral conjugate movement of 
the eyes or with the involvement of other 
cranial nerves, is highly suggestive of the 
possibility of a pontine glioma, A number 
of years ago Bucy and Weaver pointed out 
that a paralysis of conjugate deviation of 
the eyes occurred not infrequently with 
cerebellar abscesses but that such lesions 
are usually associated with severely in- 
creased intracranial pressure at the time of 
such a development whereas gliomas of the 
pons are not. Furthermore, fortunately, in 
this era of antibiotics cerebellar abscesses 
have become relatively uncommon. It is 
surprising that cerebellar tumors, unlike ab- 
scesses, are rarely associated with a paraly- 
sis of conjugate deviation of the eyes, 
although such a development has been re- 
ported (Brain). These cerebellar lesions 
undoubtedly produce their effects by com- 
pression of the brain stem rather than as a 
result of a disturbance of cerebellar func- 
tion. A paralysis of lateral conjugate move- 
ment of the eyes may be seen with vascular 
disorders of the brain stem. Such disorders 
usually are the result of occlusive or hyper- 
tensive vascular diseases and therefore are 
most common in adults. When vascular dis- 
turbances develop in the brain stem of chil- 
dren they are usually due to vascular 
anomalies, and these are rare (see below). 

Persistent disturbances of conjugate lat- 
eral movement of the eyes are almost al- 
ways the result of involvement of the pons, 
but transitory disturbances of conjugate lat- 
eral movement, both of an irritative and a 
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paralytic character, may be seen with lesions 
of the frontal lobes of the cerebrum. Such 
transitory disturbances of conjugate lateral 
movement of the eyes are seen only with 
acute disorders in the frontal lobes, never 
with chronic ones. Their sudden onset and 
brief duration as well as the absence of 
other symptoms indicative of pontine in- 
volvement readily serve to differentiate the 
frontal lesions from those in the pons. 

In view of the close relationship within 
the pons of the fibers of the facial nerve to 
the abducens nucleus, it is not surprising to 
note that in these 100 cases a facial paraly- 
sis was practically as common as a paralysis 
of the external rotation of the eye. Bray, 
Carter, and Taveras found facial paralysis 
to be considerably commoner than 6th nerve 
paralysis in their 48 cases, but such has not 
been the experience of other observers. 


Another wide discrepancy between the 
figures of Bray, Carter, and Taveras and 
our own concerns the manifestations of in- 
volvement of the oculomotor, or 3d cranial 
nerve. We found such involvement reported 
in 48 of 100 cases, whereas they reported it 
in only 2% of their 48 cases. It seems likely 
that the difference in these two sets of fig- 
ures lies in the fact that the 100 cases we 
collected from the literature were more ad- 
vanced and of longer duration than were 
the cases reported by Bray and his asso- 
ciates. Evidence of implication of the 3d 
cranial nerve often comes late in the course 
of the illness as the tumor which has origi- 
nated in the pons extends upward to involve 
the midbrain. Furthermore, one seldom sees 
a complete paralysis of the 3d nerve. Usu- 
ally there is a unilateral or bilateral partial 
ptosis, a dilatation and inequality of the 
pupils with an impairment of the reaction 
to light on one or both sides. This is in 
contrast with the involvement of the innerva- 
tion of the lateral rectus muscle, where a 
complete paralysis is commonly found. Ex- 
tension of the tumor upward into the mid- 
brain may also result in an impairment of 
upward rotation of the eyes. This syndrome 
(Parinaud’s) is typical of any involvement 
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of the mesencephalic tectum and is generally 
regarded as particularly characteristic of 
tumors of the pineal body. In any event, it 
must be borne in mind that gliomas of the 
brain stem may also give rise to this condi- 
tion. 

It will come as no surprise to ophthal- 
mologists that evidence of damage to the 
trochlear, or 4th cranial, nerve is seldom 
found. Under any circumstances paralysis 
of the superior oblique muscle is difficult to 
establish, and in cases in which paralyses 
of other external ocular muscles exist its 
demonstration is almost impossible. 

Nystagmus is a common finding with 
gliomas of the pons. Our survey disclosed 
its presence in 38% of the cases, while Bray, 
Carter, and Taveras found a _ horizontal 
nystagmus in 26% and a vertical one in 
14% of their 48 cases. There is nothing 
particularly characteristic or diagnostic 
about this nystagmus. It seems most likely 
that it develops secondarily to damage to the 
vestibular nuclei. 

The 5th cranial, or trigeminal, nerve is 
involved almost as commonly as the 6th and 
7th. According to Bray, Carter, and Ta- 
veras, the sensory division is implicated 
more than twice as often as the motor. 
Such involvement not only gives rise to a 
loss of facial sensibility but to an anesthesia 
of the eye as well. This latter abolishes the 
corneal reflex and renders the cornea sus- 
ceptible to injury and ulceration, particu- 
larly if it is impossible for the patient to 
close the eyelids because of a facial paraly- 
sis. As we have noted earlier such a facial 
paralysis is common in these cases. 

We are not particularly concerned here 
with involvement of the other cranial nerves. 
However, a glance at Figure 6 will show 
that impairment of hearing, from involve- 
ment of the 8th cranial nerve, and of swal- 
lowing, from implication of the 9th and 
10th, are by no means uncommon. That the 
11th cranial nerve, which is largely of 
spinal origin, and the hypoglossal, which 
lies most caudad in the brain stem, are 
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involved less often than the other cranial 
nerves is to be expected. 


It has become routine to say that unlike 
other intracranial tumors gliomas of the 
pons are seldom associated with increased 
intracranial pressure. This statement may 
be misleading. In the first place, with the 
general improvement in their early recogni- 
tion few brain tumors are associated with 
marked evidence of increased intracranial 
pressure, such as papilledema, when they 
are diagnosed today. Second, a glance at 
Figure 6 will reveal that papilledema is by 
no means a rarity with intrinsic tumors of 
the brain stem. However, we must not over- 
look the fact that the figures given there 
were for the most part accumulated 
many years ago. In any event, the develop- 
ment of papilledema with intrinsic tumors 
of the pons generally occurs late in their 
course. It is for this reason that papilledema 
was found more frequently (55%) in the 
100 verified tumors than in the series of 
Bray, Carter, and Taveras, where it oc- 
curred in only 17% of these less advanced 
cases. At the time when the patient is likely 
to be brought to the ophthalmologist be- 
cause of double vision or a squint, it is un- 
likely that he will have papilledema, that 
the sutures of the skull will be found to be 
separated in an x-ray examination of the 
head, or that the pressure of the spinal 
fluid will be elevated above a normal level. 
In the early stages the cerebral ventricles 
will show little or no dilatation, although at 
autopsy some enlargement of the ventricles 
is likely to be present. 


In spite of the fact that signs of increased 
intracranial pressure tend to develop late if 
at all with tumors of this type, headache 
commonly appears early but is seldom as 
severe as with the other tumors of the brain 
which arise in childhood. 

In addition to the symptoms of involve- 
ment of the various cranial nerves, tumors 
of the pons are frequently associated either 
at the onset or later with nausea, vomiting, 
and dizziness. The vomiting, the lack of ap- 
petite, and the difficulty in swallowing due 
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to paralysis of the soft palate and pharynx 
(9th and 10th cranial nerves) result in a 
marked loss of weight. The emaciated con- 
dition of many of these children is charac- 
teristic of the disease and is in striking 
contrast to the obesity commonly seen in 
children with tumors in and near the 3d 
ventricle. 

We have noted earlier that descending 
motor pathways and cerebellar connections 
are commonly disrupted with tumors of this 
type. Such involvement results in paralyses 
of arms and legs, in awkwardness of the 
movements which are present, and of severe 
disturbances of gait and equilibration. 

It should be noted again that, although 
many nerve fibers and nerve cells may sur- 
vive and continue to function for a long 
time within one of these tumors, one group 
of fibers are particularly resistant. All ob- 
servers are agreed that alterations in sensory 
perception of any type in the trunk and ex- 
tremities are rarely seen as the result of a 
glioma of the pons. An exception must be 
made for the sensory changes which com- 
monly develop in the face. These are the 
result of the involvement of the nuclei of 
the trigeminal nerve. 


Thus far our attention has been concen- 
trated upon tumors of the pons, but occa- 
sionally we see tumors which involve the 
medulla oblongata predominantly. In Fig- 
ure 8 such a tumor is shown. Its clinical 
manifestations, which were not particularly 
characteristic, were as follows: 


Case 1.*—This boy developed a tempo- 
rary difficulty in swallowing at the age of 
3 years. A month or so later pain and stiff- 
ness of his neck appeared. These grew 
worse, and he took to his bed and resisted 
all attempts to move his head. On examina- 
tion, his optic fundi were normal and there 
were no detectable abnormalities of his 
cranial nerves. His tendon reflexes were 
hyperactive, and Babinski’s sign was present 
bilaterally. Examination of his spinal fluid 
gave no assistance in arriving at a diagno- 


* This case was previously reported by Bailey, 
Buchanan, and Bucy as Case 51. 
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Fig. 8.—Glioma of the medulla oblongata (Case 
51 of Bailey, Buchanan, and Bucy). 


sis. His condition improved. Three weeks 
later he became irritable, and again his neck 
became rigid. Nystagmus was produced 
when he looked to the right or left; his 
left hand became awkward and his standing 
and walking unsteady. Again he improved. 
Six months later he returned with weak- 
ness of both external rectus muscles, nys- 
tagmus on looking to right or left, gross 
incoordination of all four extremities, gen- 
erally increased tendon reflexes, and bilat- 
eral signs of Babinski. He was unable to 
stand or walk alone. A diagnosis of a tu- 
mor of the posterior fossa was made. He 
was operated upon. The tumor (Fig. 8), 
of course, could not be removed. 

Comment.—There is nothing particularly 
diagnostic about the course of this illness 
or the findings on examination, and it 
serves only to emphasize how difficult diag- 
nosis in these cases may be and how many 
nerve cells and fibers may exist and con- 
tinue to function within the substance of 
the tumor. 

Gliomas within the midbrain are some- 
what commoner, They often give rise to one 
of two syndromes: Benedikt’s and Weber’s. 
Benedikt’s syndrome is due to the involve- 
ment of the mesencephalic tegmentum, par- 
ticularly of the fibers of the 3d cranial 
(oculomotor) nerve where they pass through 
the red nucleus and to destruction of the 
fibers of the cerebellorubrothalamic tract. 
Such involvement results in an ipsilateral 
3d nerve palsy (ptosis, dilated fixed pupil, 
and a paralysis of the superior, internal, 
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and inferior recti and of the inferior ob- 
lique muscles) and an ataxia with intention 
tremor of the contralateral arm and leg. 
Weber’s syndrome, which is the result of 
involvement of the base of the midbrain, is 
well illustrated by the following case: 
Case 2.;—This patient was referred by 
Dr. Lawrence Russell, of Cicero, Ill. This 
girl was well until the age of 4 years, when 
her right upper eyelid began to droop. A 
month later a weakness of the left side of 
the face appeared, and her left arm and leg 
grew progressively more paralyzed. Two 
months after the onset of symptoms she 
first complained of headache and vomited. 
On examination she was restless and stu- 
porous. She had a ptosis of the right upper 
eyelid. The right pupil was dilated and did 
not react to light. The right eye was rotated 
outward and downward. The left arm and 
leg were paralyzed and spastic (Fig. 9). 
All tendon reflexes were hyperactive, and 
Babinski’s sign was present in both feet. 
There were no detectable alterations in sen- 
sation. A diagnosis of a tumor of the right 
side of the midbrain was made, and x-ray 
therapy was begun. Her condition rapidly 
failed, and she died after three treatments 
(430 r) had been given. Autopsy disclosed 
the expected tumor. It was an oligodendro- 
glioma which involved the right cerebral 
peduncle and right side of the midbrain 
predominantly. It extended forward into 


+ This case was previously reported by Bailey, 
Buchanan, and Bucy as Case 64. 


Fig. 9—Child with glioma of midbrain. She has 
a ptosis on the right side and a hemiplegia on the 
left, with the left arm drawn up in flexion and 
the left leg rigidly extended. 
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Fig. 10.—Oligodendroglioma of the midbrain. 
(a) View of the base of the brain showing the 
nodular tumor lying just anterior to the pons. The 
tumor lies predominantly to the right of the mid- 
line of the brain (to the left in the photograph). 
The third cranial nerves are seen protruding from 
its surface. (b) Cross section through the mid- 
brain and tumor showing the third cranial nerves 
protruding downward. 


the posterior hypothalamus and upward 
and laterally into the right internal capsule 
and basal ganglia. It also involved the 
upper part of the pons (Fig. 10). 

Here the diagnosis was easy and the 
symptoms exactly what were to be expected 
from a tumor in this location. 


Occasionally tumors other than gliomas - 


are found within the brain stem. Dandy 
refers briefly to a hematoma which he 
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successfully evacuated from the pons, He 
very reasonably suspected that this he- 
matoma might have arisen from an angioma 
within the pons. Percival Bailey had a sim- 
ilar case in which postmortem examination 
demonstrated the presence of a hemangioma 
in association with a hemorrhagic cyst within 
the pons (Fig. 11). 

Case 3,—Bailey’s patient was an 8-year- 
old girl who gave a history of recurring 
episodes of headache, nausea, and vomiting 
for four months. She had a progressively 
increasing dysarthria, left hemiparesis, and 
drooping of both upper eyelids. Eventually 
she developed a bilateral paralysis of the 
muscles of mastication and of the soft palate 
and pharynx, a moderate ataxia of the right 
arm and leg, and bilateral Babinski’s sign. 
She became lethargic, then stuporous, and 
she died. 

Examination of the brain disclosed a 
large hematoma occupying most of the pons 
(Fig. 11 a). This finding was very rem- 
iniscent of Dandy’s case. Microscopic ex- 
amination of the walls of the hemorrhagic 
cavity disclosed the presence of a telangiec- 
tasis which had given rise to the hemorrhage 
(Fig. 11 5). 

Such cases are so rare that no typical 
clinical picture can be developed. It is to 
be expected that, as in Dandy’s case, these 
patients would have remissions and long 
quiescent periods and that in some instances 
evidence of subarachnoid bleeding might 
appear. We have seen other cases in which 
this diagnosis has been suspected but not 
verified. 

The brain stem may also be involved by 
various extrinsic tumors. Meningiomas and 
acoustic neurinomas are the commoner of 
these. 

Acoustic neurinomas are usually readily 
recognized, as they generally begin with 
unilateral deafness and tinnitus. They often 
do not produce much in the way of ocular 
manifestations, except for a loss of the 
corneal reflex. Diplopia may at times occur 
but is seldom associated with more than a 
very mild weakness of the external rectus 
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veloped weakness of her right arm and leg, 
slurring of her speech, regurgitation of 
fluid through her nose, suboccipital head- 
aches, and attacks of severe pains in the 
left side of her face. Examination revealed 
no papilledema, There was a convergent 
strabismus and a weakness of conjugate 
lateral deviation of the eyes to both right 
and left. There was a coarse nystagmus on 
attempting to look to either side. Both 
corneal reflexes were absent. She had a 
hypalgesia of the face bilaterally. The mus- 
cles of mastication were weak on the left 
side. There was a facial weakness and partial 
deafness on the right. The 9th and 10th 
nerves were involved bilaterally. The spinal 
accessory and the hypoglossal nerves were 
partially paralyzed on the right. She had 


© evidence of cerebellar dysfunction in the 


Fig. 11—Hematoma of pons arising from a 
hemangioma. (a) Sagittal section of brain 
showing the hematoma occupying most of the 
pons. (b) Photomicrograph of the wall of the 
cavity trating the hemangioma (cour- 
tesy of Dr. Percival Bailey). 


muscle, Papilledema, which formerly was 
present in most such cases, now is seen much 
less commonly, as the diagnosis is being 
made earlier in the course of the disease. 
Meningiomas of the cerebellopontine angle 
generally present a very similar picture, but 
some meningiomas in other parts of the 
posterior fossa present a puzzling clinical 
picture suggestive of a tumor of the brain 
stem itself. The following case illustrates 
this point: 

Case 4.{—This patient was referred by 
Dr. J. M. Krupka, of Cicero, Ill. This 
44-year-old woman first developed numbness 
of her tongue and soon of the entire mouth 
about four years before her admission to 
the hospital on May 10, 1949. A year later 
twitching of the right side of her face and 
unsteadiness of her walking appeared. Her 
condition then remained stationary for two 
years. A year before admission she de- 


t This case was previously reported by Russell 
and Bucy as Case 2. 
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right extremities. Pain and temperature. 
sensibilities were decreased on the right half 
of the body. All tendon reflexes were hy- 
peractive, and Babinski’s sign was present 
on the right side. The pressure of the spinal 
fluid was not increased. She died suddenly 
a short time after admission, and, to our 
surprise, an autopsy did not disclose the 
glioma of the brain stem which we expected 
but a large meningioma in the left side of 
the posterior fossa which severely com- 
pressed the brain stem (Fig. 12). 


Fig. 12.—Meningioma occupying the left side of 
the posterior fossa (on the right in this photo- 
graph) compressing the cerebellum and brain stem 
(after Russell and Bucy). 
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Comment.—This case serves to illustrate 
two very important related points. Me- 
ningiomas in the posterior fossa may cause 
multiple cranial nerve palsies and evidence 
of involvement of the nerve fiber pathways 
in the brain stem without producing any 
evidence of increased intracranial pressure. 
They may closely simulate the picture pro- 
duced by a glioma of the brain stem, except 
that they almost always occur in adults. As 
intrinsic tumors of the brain stem usually 
occur in children, approximately 87% in 
patients under 20 years of age, a diagnosis 
of a glioma of the brain stem should not 
be made in people over 20 years of age 
without adequate proof of correctness. In 
the majority of adults where a glioma of 
the brain stem is suspected, the posterior 
fossa should be explored surgically. 

There are other lesions which may be 
confused with gliomas of the brain stem, 
but all are relatively rare in North America. 
In some parts of South America, particularly 
in Peru, cysticercosis commonly develops in 
the cerebellopontine angle and affects one 
or more cranial nerves. Increased intra- 
cranial pressure is usually present early. 
Chordomas arising from the base of the 
skull just posterior to the sella turcica are 
a rare condition which may also compress 
the brain stem. Multiple sclerosis, vascular 
disorders of the brain stem, and inflam- 
matory lesions seldom cause confusion in 
children but occasionally may pose inter- 
esting differential problems in adults. The 
following cases illustrate the problems in 
diagnosis. 

Case 5.—This woman was referred by 
Dr. S. V. Haraburda, of Chicago. She was 
born in 1921. On Jan. 14, 1951, she began 
to complain of blurred vision and diplopia. 
Her family stated that she had always been 
rather slow mentally and her speech had 
always been slurred. 

Examination on Feb. 6, 1951, revealed a 
dull, apathetic, childish woman with a slur- 
red speech. Her optic fundi were normal and 
her visual fields full. There were no hori- 
zontal movements of either eye, except that 
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she could converge on near objects. Vertical 
ocular movements were normal. The pupils 
were not unusual. Her hearing was markedly 
reduced on the right, but there were changes 
in the right tympanic membrane. The other 
cranial nerves were normal. There were no 
sensory changes. Muscular strength, tone, 
and coordination were good, but her gait 
was a little unsteady. The reflexes were 
not abnormal. By Feb. 12, the movements 
of the internal recti had recovered but the 
lateral recti were still paralyzed. The spinal 
fluid was normal except for the presence of 
14 lymphocytes per cubic millimeter. 

She recovered from this condition and 
remained well until March 1, 1959 (eight 
years later), when she developed diplopia 
on looking to the right. Examination on 
March 9 revealed only a slight weakness 
of the right lateral rectus muscle. This 
condition also improved, and by May 11 
she had practically recovered. 

Comment.—Initially the diagnosis seemed 
to lie between an encephalitis of the brain 
stem and multiple sclerosis, Because of the 
absence of evidence of involvement of other 
cranial nerves or of the nerve fiber path- 
ways in the brain stem the possibility of a 
glioma of the brain stem was not seriously 
considered. Although such striking paraly- 
ses of the extraocular muscles are not usual 
in multiple sclerosis, the recovery and the 
recurrence of symptoms eight years later 
make multiple sclerosis the most likely diag- 
nosis in this case. 


The following case also presented serious 
difficulties in differential diagnosis: 

Case 6.—This woman was referred by 
Dr. G. Gertz, of Chicago. She was 39 years 
old when she developed severe constant 
headache and vomiting, beginning late in 
November, 1952. At the same time she sud- 
denly developed a paralysis of the right 
arm and leg. There were also involuntary 
kicking movements of the right leg. The 
right side of her face became weak. She 
had great trouble talking and complained 
of vertigo. 
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On general physical examination the only 
abnormality was a blood pressure of 
170/106. Neurological examination on Nov. 
24, 1952, disclosed a lethargic but coopera- 
tive woman. Her speech was so dysarthric 
that it was difficult to understand her. The 
optic discs and retinae were normal. The 
pupils were normal and ocular movements 
were full, but there was some nystagmus 
with the eyes at rest and marked nystagmus 
on looking in any direction. There was a 
slight right lower facial weakness. The 
pharynx was filled with mucus, and she 
had great difficulty in swallowing. The pro- 
truded tongue deviated to the left. The 
other cranial nerves seemed intact. The right 
hand and fingers were very tender, and 
manipulation or movement of them was very 
painful. There was a severe paresis of the 
right extremities, more marked distally. Re- 
sistance to passive manipulation was de- 
creased in the right extremities, and the 
tendon reflexes were not very different on 
the two sides. Babinski’s sign was present 
on the right. All abdominal reflexes were 
very sluggish. It was impossible to test 
her station or gait because of her weakened 
condition. 

X-ray examination of the skull and chest 
revealed no abnormality. The urine was 
concentrated and contained a moderate 
amount of acetone. The blood count and 
the Wassermann and Kahn tests were nor- 
mal. 

On lumbar puncture the initial pressure 
was 170 mm. of fluid. The fluid contained 
12 red blood cells, 2 lymphocytes, and 8 
polymorphonuclear leukocytes per cubic 
millimeter, The total protein was 36 mg. 
per 100 cc. of fluid. The colloidal gold 
curve was 0000000000. 

With general supportive measures her 
general condition rapidly improved, but she 
developed an almost complete anesthesia of 
the right side of the forehead, with a less 
severe sensory loss over the right cheek 
and chin. She became able to swallow water 
well, but the right side of the soft palate 
and the left side of the tongue were still 
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paralyzed. The nystagmus was still present. 
There was an astereognosis in the right 
hand, but the hypersensitivity disappeared. 
The right hemiparesis becaine almost com- 
plete. The tendon reflexes became a little 
more active on the right, and Babinski’s 
sign was still elicitable on the right. 

By Dec, 1 stereognostic sensibility was 
returning to the right hand, but two days 
later examination disclosed a reduction in 
the perecption of pain over the left side of 
the chest and slight ataxia with the left 
extremities ; the right ones were still para- 
lyzed. On Dec. 12 she was able to walk 
poorly with help. Thereafter her ability to 
walk steadily improved, although her gait 
has continued to be unsteady. She has been 
examined frequently since, the last time on 
June 3, 1959. Her speech and swallowing 
were normal. Nystagmus was present on 
looking in any direction. Her hearing was 
reduced slightly on the right. There was a 
left hemiatrophy of the tongue with fascic- 
ulation. The tongue deviated slightly to the 
left on protrusion, There was a slight right 
lower facial weakness and a very slight 
weakness of the right extremities. Tone was 
slightly increased in the right lower ex- 
tremity. All tendon reflexes were increased 
in the right extremities, and Babinski’s sign 
was present on the right. There was a hyp- 
algesia in the right forearm; otherwise, 
sensation was normal everywhere. She 
favored the right lower extremity as she 
walked. She does her own housework and 
is only slightly incapacitated. Her condition 
seems stationary. 

Comment.—Again one can only say with 
certainty that the brain stem has been seri- 
ously involved. In this case the acute onset 
and the recovery with certain fairly sta- 
tionary residuals makes it seem likely that 
this woman suffered from an encephalitis 
of the brain stem. Such infections rarely 
if ever develop in children. 

Aneurysms are uncommon in the posterior 
fossa, although by no means unknown. In 
the following case it seems likely that an 
aneurysm was present and gave rise to 
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evidence of involvement of several cranial 
nerves. 

Case 7.—This patient was referred by 
Dr. Henry Christiansen, of Chicago. The 
patient was a young man, 27 years old when 
he was first seen as an outpatient on July 
25, 1945. He stated that he had suffered 
from pain and tightness in the right side 
of his face for three years and a paralysis 
of lateral rotation of his right eye for two 
years. Examination disclosed a complete 
paralysis of the right lateral rectus muscle 
and a slight weakness of the right side of 
the face and the right side of the soft palate. 
The spinal fluid and roentgenograms of his 
skull and chest were all normal. 

On May 6, 1946, examination disclosed 
the paralysis of the external rectus muscle 
and a sluggish reaction of the right pupil 
to light, an absent right corneal reflex, and 
hypesthesia of the right side of the face 
to pin and cotton. The spinal fluid was 
still normal. Further investigation was ad- 
vised but was refused. 

On May 3, 1947, he developed a spon- 
taneous subarachnoid hemorrhage which was 
confirmed by spinal puncture. On May 5, 
he suddenly cried out with pain in the right 
side of his face and died in a very few 
minutes. An autopsy was not obtained. 

Comment.—Almost certainly this man 
suffered from some vascular anomaly. It 
may have been an aneurysm or some other 
vascular malformation. In the absence of 
definitive diagnostic tests or an autopsy, a 
more specific diagnosis is not possible. 

These latter are all diseases with involve- 
ment of several cranial nerves and with or 
without involvement of the long fiber tracts 
in the brain stem. They only superficially 
imitate the clinical picture produced by a 
tumor of the brain stem. It is noteworthy 
that all of these latter patients were adults 
and that the symptoms began rather sud- 
denly. Furthermore, the picture lacks that 
steady progression so commonly seen with 
gliomas of the brain stem. 
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Summary 

Intrinsic tumors of the brain stem are 
usually gliomas of various types. They most 
commonly involve the pons but may extend 
upward or downward from there. Ocular 
disorders, particularly paralysis of the ex- 
ternal rectus muscles and of conjugate lateral 
movements of the eyes, are among the 
commonest manifestations. Involvement of 
the 3d cranial (oculomotor) nerve usually 
appears late, if at all, and is usually incom- 
plete, producing only pupillary disturbances 
and a partial ptosis. An exception are those 
less common cases in which the tumor arises 
in the midbrain rather than in the pons. 
Other cranial nerves, particularly the facial 
(7th), trigeminal (5th), auditory-vestibular 
(8th), glossopharyngeal (9th), and vagus 
(10th) are commonly involved. Increased 
intracranial pressure with papilledema is 
not uncommon but usually develops late 
in the course of the disease. The descending 
motor pathways and cerebellar connections 
are almost always affected, but sensory 
changes in the trunk and extremities are 
almost never found. 

Headache, nausea, and vomiting are com- 
mon complaints. The anorexia plus the 
common difficulty in swallowing frequently 
produces an emaciation of the patient. 

Gliomas of the brain stem usually are 
disorders found in patients under 20 years 
of age. Symptoms suggestive of such a 
tumor in an adult should be investigated 
most carefully. They may be due to a be- 
nign removable tumor, such as a meningi- 
oma, or to some other less common dis- 
order. There are numerous conditions 
which may occasionally involve the brain 
stem and have to be considered in differen- 
tial diagnosis. 

The Chicago Wesley Memorial Hospital, Section 
of Neurological Surgery. 
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Activity of the Oculorotary Muscles During 


Tonometry and Tonography 


An Electromyographic Study 


WALTER KORNBLUETH, M.D.; ARTHUR JAMPOLSKY, M.D.; EDWARD TAMLER, M.D., and 


ELWIN MARG, Ph.D., San Francisco 


It is well known that holding a tonometer 
near the eye or putting it on the cornea 
causes the patient to squeeze his lids be- 
cause of a contraction of the orbicularis 
muscles. This reflex occurs regularly at 
the sight of an object near the eye and is 
generally termed a protective or fright reac- 
tion. Little attention has been paid to the 
part played by the oculorotary muscles dur- 
ing the so-called fright reaction.’ 

This study was undertaken to elucidate 
the reaction of the oculorotary muscles to 
tonometry and tonography. This seemed 
important in view of the pronounced influ- 
ence the oculorotary muscles exercise on 
the intraocular pressure. Changes in the 
state of contraction of the oculorotary mus- 
cles might alter the ocular tension and in- 
troduce some inaccuracies in tonometric and 
tonographic measurements. 


Materials and Methods 


The measurements of ocular tension and 
of electrical activity of the oculorotary and 
orbicularis muscles were performed on 19 
patients between the ages of 10-70 years. 


Submitted for publication March 17, 1959. 
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There were 9 males and 10 females. The 
visual acuity ranged from no light percep- 
tion to 20/20. The patient lay on an exam- 
ining table in an electrically shielded cage 
made of copper window screening. The 
electromyographic technique used here and 
the interpretation of the electromyograms 
is described in detail elsewhere**® In all 
the cases electrodes were inserted into at 
least two of the recti of one eye; in the 
majority of patients an agonist and the an- 
tagonist were recorded simultaneously. In 
a number of patients the activity of the 
horizontal recti of both eyes were measured 
at the same time, and in one case all four 
recti muscles of one eye were recorded. In 
some subjects an additional electrode was 
inserted into the orbicularis muscle. In 
most cases the electrical activity of each 
muscle was displayed individually, but in 
others the electrical activity of agonist- 
antagonist was added together and then 
integrated. In two patients a retrobulbar 
injection of lidocaine (Xylocaine) was 
given in one eye, and in two others a 
van Lint lidocaine akinesia of the lids was 
produced. A Schietz tonometer or an elec- 
tronic tonometer (with the electrical current 
in some cases on and in others off) with a 
5.5 gm. weight was used for tonometry or 
tonography. The amplifier of the electronic 
tonometer, together with its attached re- 
corder, was placed outside the shielded cage, 
and the wire connecting the electrically in- 
sulated tonometer hand piece with the am- 
plifier was led into the cage by a small 
hole in the screen. The lids of both eyes 
were usually held apart by insertion of a 
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Fig. 1.—A, cocontraction of the horizontal recti of the right eye at the beginning of 
tonometry (arrow). B, the same for the vertical recti. 


nonmagnetic speculum and _ occasionally 
merely by fingers. The tonometer was ap- 
plied repeatedly on either eye and in some 
cases was held over but not on the cornea 


for a varying length of time. In a number 
of cases light or deep manual pressure 
causing several millimeters of enophthalmus 
was applied to the globe through closed lids. 


Fig. 3.—Demonstration 
of recruitment in the 
right inferior rectus with 
coactivity seen at the be- 
ginning of tonometry 
(arrow). 
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Observations 
Simply placing the tonometer in front 
of the eye or on the cornea resulted in 
increased electrical activity of all the extra- 


Fig. 2.—Cocontraction 
of the horizontal recti of 
the right eye and the 
orbicularis upon  con- 
fronting the eye with the 
tonometer (1), placing 
the tonometer on t 
cornea (2), and removal 
of tonometer from the 
eye (3). Note that the 
orbicularis electrical ac- 
tivity falls off rapidly to 
the baseline level, while 
the cocontraction of the 
horizontal recti is main- 
tained until the tonom- 
eter is removed from 
the eye. Also, note the 
decrease of the cocon- 
traction of the horizontal 
recti upon removal of the 
tonometer. 


ocular muscles tested in all the patients 
(Figs. 1-3) except in those who were blind 
or nearly blind (Fig. 4) and for patients 
under general anesthesia. In all cases the 
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Fig. 4.—A, lack of re- 
sponse of recorded hori- 
zontal recti in a nearly 
blind patient on confron- 
tation with the tonometer 
(1) and placing of the 
tonometer on the eye (2). 
B, again a lack of re- 
sponse of recorded ac- 
tivity of the same muscles 
in the same subject at the 
time of removal of the 
tonometer (3). 


electrical activity of the muscles returned to 
normal on removal of the tonometer 
(Fig. 5). When a full four minutes of 
tonography was done it invariably resulted 
in an initial increase of coactivity of all the 


ly in both eyes (Fig. 7), i. e. the eye 
undergoing tonometry or tonography and 
the contralateral untested eye. It was of 
varying intensity and duration in different 
patients. It could be elicited in the same 


Fig. 5—Note the marked decrease in activity of the recorded muscle when the tonometer 


is removed from the eye (arrow). 


muscles in both eyes and became progres- 
sively smaller during the course of the 
measurement. Removal of the tonometer 
now resulted in a less observable decrease 
of the already gradually diminishing elec- 
trical activity (Fig. 6). 

The increased electrical activity of the 
oculorotary muscles occurred simultaneous- 


Fig. 6.—A, activity of 
the horizontal recti after 
three and one-half min- 
utes of tonography and 
shortly before removal 
of the tonometer. B, the 
same recorded muscles 
immediately after  re- 
moval of the tonometer. 
Note only slight decrease 
in the activity of the 
horizontal recti on re- 
moval of tonometer. 
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patient practically every time the tonometer 
was put near or on the cornea, though the 
intensity of the reaction varied from time 
to time. 

The invariable increase of the electrical 
activity of the oculorotary muscles was 
found to occur independently of the activity 
of the orbicularis muscle. In cases where 
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7.—Increased co- 
activity of the horizontal 
recti in both eyes upon 
confrontation (1) and 
when the tonometer is 
placed on the cornea (2) 
and decreased coactivity 
of the horizontal recti of 
both eyes when the to- 
nometer is removed from 
the eye (3). Tracing 3 is 
the added electrical ac- 
tivity of both horizontal 
recti of the right eye as 
recorded by an integrator. 
The height of the vertical 
step is proportional to 
the combined electrical 
activity of these muscles. 


the orbicularis muscle was recorded in addi- 
tion to the oculorotary muscles, it was found 
that on placing the tonometer in front of 
the eye the orbicularis activity sometimes, 
although not always, accompanied the re- 
sponse of the oculorotary muscles (Figs. 
2 and 8). 

Holding the tonometer over but not on 
the cornea for two and one-half minutes 
(Fig. 8) resulted in an increased electrical 
activity of the oculorotary muscles, which 
diminished gradually during this period but 
remained higher than its original level, 
without any change in activity of the orbic- 
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ularis muscle. Akinesia of the orbicularis 
muscle did not prevent the reaction of the 
oculorotary muscles to tonometry or tonog- 
raphy. 

A retrobulbar injection of lidocaine be- 
hind the eye undergoing tonometry did not 
interfere with the usual response of in- 
creased electrical activity of the oculoro- 
tary muscles in the contralateral eye. 

Strong manual pressure on the globe 
through the closed lids to induce several 
millimeters of enophthalmus evoked in- 
creased electrical activity of the oculorotary 
muscles of the pressed globe only but with- 


Fig. 8—A, cocontrac- 


tion of the horizontal 
recti without cocontrac- 
tion of the orbicularis 
when the tonometer 


cornea within a few mil- 


+Orbicularis limeters without being 
placed upon the eye at 
any time. B, the same as 
above approximately one 
one-half minutes 
later, showing a gradual 
diminution of the coac- 
tivity of the horizontal 
recti. 
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Fig. 9.—A, increased coactivity of the horizontal recti with strong enophthalmus-producing 
manual pressure on the recorded eye (1) and decreased coactivity upon release of this pressure 
(2). B, no response in the horizontal recti in same subject when similar pressure is made (1) 
and released (2) on the unrecorded eye. 


out changes in the electrical activity of the 
fellow eye (Fig. 9). 


Comment 


The above results showed a marked in- 
crease of electrical activity of the oculo- 
rotary muscles due to a contraction of the 
muscles on routine tonometry and tonog- 
raphy. This cocontraction of the oculoro- 
tary muscles occurred simultaneously in 
both eyes and could be elicited from either 
eye on sudden placement of a tonometer 
near the eye and continued even when the 
tonometer was placed on the cornea. Vision 
is a prerequisite for the occurrence of this 
phenomenon, as it did not appear in blind 
or nearly blind persons or in patients under 
general anesthesia. In all other patients this 
so-called fright reaction, though of varying 
degree and of varying duration, could be 
evoked each time the tonometer was brought 
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near the cornea. Patients with glaucoma, 
who were used to having their ocular ten- 
sion taken repeatedly, showed the same 
responses. The intensity of the reaction 
seemed to diminish somewhat with repeated 
applications of the tonometer. 

The orbicularis muscles participated fre- 
quently in this reaction but were not an 
integral part of it, as the cocontraction of 
the oculorotary muscles persisted after the 
orbicularis had relaxed or occurred occa- 
sionally without any contraction of the 
orbicularis muscles or after akinesia of the 
lids. 

Retrobulbar injection of lidocaine behind 
the examined eye did not interfere with the 
occurrence of the so-called, fright reaction 
in the contralateral eye, which is evidence 
for a central origin of this phenomenon. 
Apparently, Hering’s law of equal distri- 
bution of nerve impulses to the oculorotary 
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muscles of both eyes is also applicable to 
the cocontraction in nonrotating eyes. Co- 
contraction of the horizontal recti only in 
the stationary eye was described in asym- 
metric convergence,* in which case the co- 
contraction was one-sided and the remaining 
oculorotary muscles in the same eye were 
not affected by it. For this and other rea- 
sons,* the so-called fright reaction is not 
operative in the latter instance. 

It has been suggested that one should 
poise the tonometer above the cornea at the 
start of tonography for 10-20 seconds be- 
fore placing it on the cornea, in order to 
avoid the initial protective blepharospasm.” 
This procedure might exclude the effect of 
the contraction of the orbicularis muscles 
but does not appreciably diminish the cocon- 
traction of the oculorotary muscles, as 
shown in our cases. 


Manual pressure of different degrees was 
applied to the globe through the closed lids 
in order to eliminate the possibility that 
the weight of the tonometer by its pressure 
might cause a contraction of the oculoro- 
tary muscles when placed on the eye. It 
was found that gentle pressure (equivalent 
or greater than the tonometer weight) 
showed no demonstrable change in the 
activity of the muscles. Fairly strong en- 
ophthalmus-producing pressure evoked a 
cocontraction of the muscles which was 
limited only to the side of the pressed globe. 
This unilateral cocontraction consequent to 
the enophthalmus produced by pressure was 
apparently a local peripheral adjustment of 
the oculorotary muscles to take up the slack 
of the muscles. No such reaction occurred 
with nasal or temporal displacement of the 
globe in a similar manner. 

How could cocontraction of the oculo- 
retary muscles affect the measurements of 
tonometry and tonography? There is ample 
clinical and experimental evidence to show 
that relaxation of the oculorotary muscles 
causes a decrease **" and their contraction 
an increase in intraocular pressure.?"* It 
is interesting to speculate that the first 
reading with the tonometer might give a 
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higher value for intraocular pressure not 
only because of squeezing of the lids but 
also because of cocontraction of the oculo- 
rotary muscles. The massage effect pro- 
duced by additional applications of the 
tonometer might be caused by pushing 
aqueous humor out of the anterior chamber 
by the weight of the tonometer as well as 
by the contraction massage of the oculoro- 
tary muscles. 

The steep initial fall of the curve of 
tonography was observed by numerous 
authors *7® and could account for errors 
in the calculation of the coefficient of facil- 
ity of outflow. A progressively diminishing 
contraction of the oculorotary muscles 
should be considered in addition to the 
various reasons proposed in explanation of 
this initial steep fall in intraocular pres- 
sure, such as squeezing of the lids, sudden 
changes in diastolic blood pressure, sud- 
den changes of blood volume of the eye and 
gradual distension of the sclera. 

The massage effect produced by cocon- 
traction of the extraocular muscles in both 
eyes might be an auxiliary factor for the 
occurrence of the so-called ophthalmotonic 
consensual reflex, where the tonographic 
procedure in one eye induces a decrease in 
intraocular pressure of the other eye.” 

Without detracting from the relative ac- 
curacy of tonometry this study calls atten- 
tion to a possible additional source of error 
in the calculation of the intraocular pressure 
imposed by placing the tonometer on the 
eye. 


Summary 

Electromyographic studies were per- 
formed to show the effect produced on the 
oculorotary muscles by tonometry and to- 
nography. It was found that holding the 
tonometer near or on the eye consistently 
caused a cocontraction of the oculorotary 
muscles which was simultaneous in both 
eyes. This reaction was not necessarily 
accompanied by a contraction of the orbic- 
ularis muscles and occurred also after 
akinesia of the lids. The occurrence of this 
response, a so-called protective or fright 
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reaction which is of central origin, was 
dependent on sight, as it did not occur in 
blind or nearly blind subjects and in pa- 
tients under general anesthesia. Tonog- 
raphy showed an initial cocontraction of 
the oculorotary muscles which diminished 
progressively over the course of four min- 
utes. It is suggested that the changes in 
the tonus of the oculorotary muscles caused 
by placing a tonometer near or on the eye 
may alter the intraocular pressure in both 
eyes and introduce some inaccuracies in 
tonometry and tonography. 

William Houweling and Niles Roth, B.A., M.O., 
gave technical assistance; Wilmer Renner gave 
photographic assistance, and Parsons Optical Co. 
loaned equipment. 

Stanford University Hospitals, Clay and Webster 
Sts. (15). 
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Viral Studies of the Normal Eye 


EILEEN N. CAMBON, M.D., and MORRIS POLLARD, Ph.D., Galveston, Texas 


The medical literature has reflected an 
increasing interest in viral diseases of the 
eye.'* While many of the reports concern 
the clinically diseased eye, little attention 
has been directed to the viral flora of the 
normal conjunctival sac. The bacterial flora 
of the human eye has been studied exten- 
sively, and such information is important 
in evaluating microbial disease of the eye.** 
It is equally significant to ascertain a base 
line of the normal viral flora of the human 
eye. This report concerns such a study on 
200 eyes. 


Materials and Methods 


The clinically normal eyes of 100 persons 
were investigated for the presence of virus 
in the conjunctival sac. Patients coming to 
the Outpatient Eye Clinic of the University 
of Texas-Medical Branch Hospitals were 
chosen. The eye patients were chosen be- 
cause the specimens could be taken as rou- 
tine on the new patients with a minimum 
of time and explanation, as the actual brisk 
swabbing of the conjunctival sac proved un- 
comfortable. A local anesthetic was not 
used, since this might prove an added toxic 
factor on the inoculated tissue cultures. 
Only those patients with normal-appearing 
conjunctiva and cornea and without a his- 
tory of recent eye inflammation were chosen. 
Ages of the patients ranged from 9 months 
to 87 years; the number in each decade was 
equally distributed, as far as possible. 


Collection of Specimens 
A small sterile cotton swab on a wooden 
applicator was used, the same one used for 
the lower conjunctival fornix of each eye. 


Submitted for publication April 29, 1959. 
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For the first few specimens the upper palpe- 
bral conjunctival area was also swabbed, 
but this proved too irritating. The swab was 
moistened with Hanks’ solution, and, while 
carefully avoiding the eyelashes, the con- 
junctiva was swabbed with a firm stroke, 
firm enough to remove the occasional epi- 
thelial cell. The swab was placed imme- 
diately in a screw-capped sterile tube which 
contained 0.5 ml. of Hanks’ solution. If 
tissue culture cell sheets were available the 
inoculation of the specimen was done im- 
mediately. Otherwise the specimen was 
sealed in an ampoule and placed in the dry 
ice box, remaining there until the tissue cul- 
ture tubes were ready for inoculation. All 
transferring or inoculation was done within 
30 minutes to 2 hours from the time of 
collection of the specimen. All procedures 
were performed in a room of the laboratory 
which was not used for any virus work 
other than this study. Sterile technique was 
used at all times. Prior to this study, to 
check the technique of swabbing and pre- 
serving, specimens were taken from the 
conjunctiva and cornea of an eye with a 
typical dendritic ulcer. After primary inocu- 
lation into tissue cultures and on sub- 
sequent passages this specimen showed 
cytopathology typical of herpes simplex 
virus. 


Tissue Culture Techniques 

The cell line used for the inoculation of 
the first 25 specimens was human amnion. 
This cell line was prepared from fresh hu- 
man amnion with use of a technique similar 
to that of Zitcer et al.5 This proved a suc- 
cessful method but without assistance a very 
time-consuming one. Subsequent studies of 
75 specimens were performed with trypsin- 
ized monolayers of monkey kidney cells.* 


* Microbiological Associates, Bethesda, Md. 
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The latter cell preparation was chosen for 
its wide viral sensitivity range, its availabil- 
ity through commercial channels, and its 
hardiness.** Prior to inoculation, the cell 
sheets were washed three times with Hanks’ 
solution and then 0.1 ml. of each specimen 
was inoculated into three tubes and 1.0 ml. 
of maintenance medium added. (Since the 
volume of the original specimen was only 
0.5 ml., each specimen provided only three 
to four tubes for investigation. ) 

The maintenance medium consisted of 
Parker’s Medium 199 containing 2% nor- 
mal calf serum, plus 100 units of penicillin 
and 100yg. of streptomycin per milliliter.*-* 
This nutrient medium was adjusted to pH 
7.3 with 2.8% NaHCOs. The treated tis- 
sues and controls were incubated in sta- 
tionary racks at 36 C. They were examined 
microscopically every 24 hours for areas 
of cytopathology, or cytopathogenic effect 
(CPE). The medium was changed on the 
third day, and thereafter only pH adjust- 
ments were made when necessary. All cul- 
tures with negative CPE were examined for 
21-27 days. They were then frozen, thawed, 
and passaged blindly to fresh cells. The 
cultures which showed cytopathology were 
frozen at —20 C in order to release intra- 
cellular virus from the lysed cells. 


Passaging 


All specimens were passaged at least 
once. The frozen cultures were thawed rap- 
idly in the 36 C water bath, and cell rem- 
nants were scraped loose from the tube 
wall by means of a sterile wire loop. The 
contents of three or four culture tubes 
from each inoculum were pooled. This was 
clarified at low speed centrifugation, and 
0.1 ml. of the supernatant fluid was inocu- 
lated into at least three fresh tubes of 
monkey kidney-cell cultures. The mainte- 
nance medium was the same as that noted 
above. The tissue in each tube was subse- 
quently examined for 14 days, and each was 
passaged again if a CPE appeared. 
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Changes Observed in the Cell Sheets 


Careful control of the pH of the cultures 
and changing of the nutrient medium were 
required to maintain tissue culture cells in 
a healthy state for three or four weeks. In 
this study cells of the same age varied 
in their appearance. When the cells are in 
an unhealthy state it is difficult to distin- 
guish between cytopathology changes due to 
a virus and those due to nutritional diffi- 
culties, pH variability, and unknown toxic 
factors.” For this reason the specimens 
showing any questionable cytopathology 
were carried through further passages. 
Even when the occasional control tube 
showed a similar poor condition in the cell 
sheet, both specimen and its control were 
passaged to determine if contamination had 
occurred in the control or if another factor 
was responsible.'! 

Changes suspected of being cytopatho- 
logic due to a virus included swelling of 
individual cells, often in a relatively small 
area of the cell sheet and usually before 
the fifth day. Small shrunken cells was a 
later feature; this was frequently seen, in- 
volving a larger area. Even the controls 
occasionally had areas of small shrunken 
cells. In a few specimens actual clumping 
of the cells with spaces in the cell sheet 
was seen as an even later feature, and in 24 
to 48 hours the areas of clumped cells 
loosened from the glass. At no time were 
giant cells or a syncytium of cells seen in 
any culture. 


A branching appearance was a rather 
prominent finding in many cultures of in- 
oculated monkey kidney cells after several 
days, sometimes in the 14-27 day period.’ 
At first it was thought that this could be a 
pathological change even when observed in 
the control in a few cases, possibly due to 
an agent in the monkey kidney cell itself. 
However, as more tubes of cells were ex- 
amined, many uninoculated cultures were 
found to have this branching area at the 
edges of the cell sheet, the stretched cells 
reaching to the next similarly stretched cell. 
With passage, the branching appearance was 
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not found consistently, and the conclusion 
was reached that this may be a nonspecific 
change of aging monkey kidney cells. 


Results 


From the initial inoculation there were 
23 specimens in which one or more tubes 
showed changes in the cells. Most of these 
were considered to be changes possibly due 
to nutritional disturbances. A careful study 
of the subsequent passage of these 23 speci- 
mens revealed only 10 which showed any 
cell change and then not necessarily the 
same as in the original. However, in the 
first passage 17 additional specimens had 
cell changes that were not observed in the 
initial inoculation. Again most were at- 
tributed to nutritional factors. 

All the 23 specimens from the initial 
inoculation and the 17 from the first pas- 
sage were again passaged. In this second 
passage only 10 specimens showed any 
changes in one or more tubes but never 
all the eight tubes of each specimen. Still 
no definite cytopathology, such as giant cell 
or syncytium formation or lytic activity, was 
observed. Five of these ten were of the 
original inoculation only, and five were com- 
mon to the original and first passage. 

All 10 were passaged, each into 10 tubes 
of tissue culture. From this third passage 
only three specimens had vague cell changes 
consisting of swollen cells in one area of a 
tube. The third passage was observed for 
10 days. 

A fourth passage was done on the three 
specimens, inoculated onto carefully exam- 
ined, healthy monkey kidney-cell cultures. 
There were no cytopathic changes noted in 
any of the 10 tubes of each of the three 
specimens, observed for 10 days. 

Examination of the accumulated data 
fails to indicate that an agent was recov- 
ered from any of the 100 specimens. 


Comment 


The methods and technique used were 
checked by means of an inoculum collected 
from a recognized dendritic ulcer, which 
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in initial and subsequent passages gave 
cytopathology typical of herpes simplex.’ 
However, in such a case there is more con- 
junctival discharge than in the normal sac, 
and this in turn may give a higher concen- 
tration of the agent on the swab. The 
swabbing of the normal sac was done so 
that epithelial cells were included in the test 
specimen.* If a viral agent was present 
in the “normal eyes,” its concentration may 
have been too low for the sensitivity of our 
test system. All specimens were passaged at 
least once after an interval of 14-27 days, 
and the results again supported the nega- 
tive findings of the first passage. The tissue 
culture system employed in this study was 
sensitive to herpes virus and to adenoviruses, 
as tested in another laboratory room. 

This study has not revealed a “masked” 
locus of adenovirus in the conjunctiva, as 
has been demonstrated in adenoid tissue. 
Further search will be needed to trace the 
source of adenovirus Type 8, which is as- 
sociated with the syndrome of epidemic 
keratoconjunctivitis.™ 

There was some difficulty in maintaining 
each of the 400 tissue culture cell sheets 
for the initial and again for the first pas- 
sage series in the same healthy state. This 
is why further passages were necessary to 
definitely rule out cytopathology due to a 
viral agent. Perhaps the cultures should have 
been observed for longer than 21-27 days 
in the initial passage, although most known 
viruses which are associated with the eye 
show activity within that time and usually 
in the first passage. 

The vague changes in the cell sheets 
seem to indicate the influence of factors, 
toxic or otherwise, which show up in some 
cultures and not in others. Since on freez- 
ing, thawing, and repassaging of these cul- 
tures such variations in appearance of the 
cell sheets were not reproduced, this sug- 
gests that the minor changes were not due 
to a viral agent. 


Summary and Conclusion 
The study of the normal conjunctiva of 
100 persons gave no indication that there 
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is any virus present. Conventional tissue 
culture methods were used in the investiga- 
tion. Trypsinized monolayers of human 
amnion cells and monkey kidney cells were 
found to be suitable for such a study. 

The Departments of Ophthalmology and Pre- 
ventive Medicine of the University of Texas- 
Medical Branch cooperated in this study. The 
study was made possible through financial as- 
sistance from the Medical Research Foundation 
of Texas and from the James McLaughlin Fellow- 
ship Fund. 


Suite 201, 1701 W. Broadway, Vancouver 9, 
B. C., Canada. 
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Intracavernous Aneurysms of the Internal Carotid 


Artery 


Their Clinical Features and Natural History 


S. P. MEADOWS, M.D., London, England 


In 1872, Roberts Bartholow, of Cincin- 
nati, wrote a description of the clinical 
features of intracranial aneurysms arising 
from the internal carotid artery, which 
showed evidence of acute clinical observa- 
tion. Jonathan Hutchinson, a London sur- 
geon, described a case in 1875, and even 
considered carotid ligation. More recently, 
McKinney, Acree, and Soltz (1936) re- 
ported the clinical and radiological features 
of eight cases and called attention to the 
erosion of the optic foramen and widening 
of the superior orbital (sphenoidal) fissure 
which occurred in several of them. Jeffer- 
son (1938) made a detailed study of the 
clinical features of a series of 17 cases, 
which forms the basis of our present 
knowledge. At this period arteriography 
was in its infancy. Since then, relatively 
safe percutaneous angiography has become 
available and was undertaken in the ma- 
jority of the present series of 15 patients 
which form the basis of the present con- 
tribution. 

Aneurysms arising from the internal ca- 
rotid artery as it traverses the cavernous 
sinus behave differently from aneurysms 
arising elsewhere in the skull by virtue of 
their position. They arise from a large 
artery without any large branches as it 
traverses a venous sinus and tend to pre- 
sent themselves to ophthalmologists on ac- 
count of ocular features. 


Received for publication June 25, 1959. 

Read before the Section on Ophthalmology at 
the 108th Annual Meeting of the American Medi- 
cal Association, Atlantic City, N. J., June 12, 
1959. 
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Rupture may certainly occur but into the 
cavernous sinus rather than into the sub- 
arachnoid space, so that instead of the 
usual subarachnoid hemorrhage, with its 
40% to 50% mortality, the patients develop 
exophthalmos, which may be unilateral or 
bilateral, accompanied by a bruit audible 
over the eye and head. Life is preserved at 
the expense of the eye. If rupture occurs, 
it seems to happen early in its course and 
before the aneurysm has filled up the 
cavernous sinus, for prerupture symptoms 
are unusual. 


As the main purpose of this contribution 
is to describe the clinical features and 
course of unruptured intracavernous aneu- 
rysms, I shall only refer briefly to the 
fistulous carotid-cavernous aneurysms. 
While they are the result of head injury 
with traumatic disruption of the wall of 
the carotid artery in the cavernous sinus, 
they may also arise spontaneously, and 
especially in middle-aged women. In this 
case, they are probably due to rupture of 
a small aneurysm, or to atherosclerosis, 
or to both, though postmortem examina- 
tions are scanty. Symptoms are usually of 
abrupt onset, with the appearance of a 
cephalic murmur, as a rule audible to the 
patient, and often abolished or diminished 
by digital carotid compression in the neck. 
Pain may be present at the onset but is 
often absent, and loss of consciousness 
is unusual. Exophthalmos develops either 
suddenly over the course of a few days, or 
gradually over a period of some weeks. 
It is usually unilateral and on the side of 
the fistulous communication, but it is some- 
times bilateral and _ occasionally more 
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marked on the contralateral side. Commu- 
nication between the two cavernous sinuses 
is responsible for the bilateral exophthal- 
mos and probably the degree of communi- 
cation varies in different persons. The 
conjunctiva usually shows evidence of 
marked vascular congestion, often a strik- 
ing feature, and chemosis and edema of the 
eyelids may be severe. When the exoph- 
thalmos is bilateral and severe, the clinical 
picture may closely resemble that of severe 
endocrine exophthalmos, except for the 
presence of a cephalic murmur and marked 
congestion of the conjunctival vessels. Pul- 
sation of the eye may be present but is 
often difficult to see. An ocular palsy is 
common, especially a sixth nerve palsy, and 
a total bilateral ophthalmoplegia is some- 
times seen in cases with bilateral exoph- 
thalmos. Involvement of the trigeminal 
nerve may occur but is rarely severe. Oph- 
thalmic herpes occurred in one patient. 
Many cases show no evidence of failure 
of vision, but progressive optic atrophy and 
evidence of retinal venous occlusion have 
been recorded. The clinical course is by 
no means uniform. Some appear to reach 
a state of equilibrium and live for years. 
Spontaneous thrombosis with recession of 
the exophthalmos but with loss of vision 
has been recorded. Common carotid liga- 
tion in the neck should be seriously con- 
sidered, especially if the exophthalmos is 
progressive and in the cases in which ex- 
ophthalmos is bilateral. A remarkable im- 
provement often occurs in the latter group. 


Unruptured Intracavernous Aneurysms 


If rupture does not occur, the aneurysm 
appears to enlarge fairly quickly, so that it 
soon fills the cavernous sinus. This pro- 
vides an added dural coat for the aneurysm 
which seems to slow down further expan- 
sion and act as an added protection against 
rupture. Rupture is certainly unusual once 
the aneurysm has filled the sinus. Further 
expansion may occur, however, usually in 
a gradual manner over a period of several 
years. The aneurysm may even strip up 
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the dura of the middle fossa and present 
as a large mass stretching from the supe- 
rior orbital (sphenoidal) fissure to the 
petrous portion of the temporal bone, lateral 
to the sella (Fig. 1). Anterior expansion 
often erodes the optic foramen and widens 
the superior orbital (sphenoidal) fissure, 
causing compression of the optic nerve and 
exophthalmos. Expansion posteriorly may 
erode the petrous portion of the temporal 
bone and inferiorly erode the floor of the 
middle fossa. Inward extension may cause 
radiological changes in the sella. 

A laminated clot is often laid down in 
the walls of the aneurysm; complete throm- 
bosis may occur, with spontaneous cure, 
leaving in its wake some loss of function 
of the eye, either vision or motility. 


Clinical Features 


The clinical features to be described are 
based on 15 cases of unruptured intracav- 
ernous aneurysm, which have been fol- 
lowed up for several years. 


All except two of the patients were 


women, a striking fact, and all except four 
patients were over the age of 50 years at 
the time of onset of symptoms. Only one 
started with symptoms under the age of 
40 years, so that these aneurysms are seen 
chiefly in middle-aged or elderly women. 

The onset of symptoms is occasionally 
abrupt, but it is often slow and insidious, 
with occasional bursts of activity during 
which there may be severe pain in and 
around the eye, often with an increase in 
the ocular palsy, which is present in almost 
all cases. In some cases the clinical condi- 
tion appears to be relatively static for long 
periods, suggesting that expansion has 
slowed down or even ceased. 

Pain in and around the eye, and in the 
face, is sometimes a prominent symptom 
and tends to occur in bouts, leaving the 
patient relatively free in the interval. In 
many cases, however, pain is a relatively 
minor symptom especially in the early 
stages. Several patients had no pain for 
several months or years after the onset of 
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Fig. 1.— Large intra- 
cavernous aneurysm oc- 
cupying inner part of 
middle fossa of skull 
(See also Fig. 9). 


an ocular palsy, and one patient has had 
little or no pain to date, 10 years after the 
onset and without pain was the sole clinical 
one-third of the total, was pain a prominent 
symptom in the early stages. 

Ocular Palsy—As might be expected 
from the anatomy of the cavernous sinus, 
involvement of the oculomotor nerves is 
usually one of the presenting clinical fea- 
tures. The sixth nerve, being in closest 
relationship with the internal carotid ar- 
tery, is usually affected first. In one patient, 
a unilateral sixth nerve palsy of abrupt 
onset and without pain was the sole clinical 
manifestation of an intracavernous aneu- 
rysm for no less than eight months. After 
this period, an almost total unilateral oph- 
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thalmoplegia appeared abruptly over a pe- 
riod of a few days, accompanied by severe 
pain and involvement of the trigeminal 
nerve. 

Eventually, involvement of the third cra- 
nial nerve also appeared in all cases, with 
one exception, though it may not be evident 
for a year or more after the onset of 
symptoms (Fig. 2). 

A point of interest is that the pupil is 
usually small, probably on account of co- 
incidental involvement of the ocular sym- 
pathetic fibers surrounding the internal 
carotid artery. 

Trigeminal Sensory Loss.—Involve.aent 
of the trigeminal nerve is usually regarded 
as one of the classical signs of these ex- 
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Fig 2.—Total ophthalmoplegia due to unrup- 
tured intracavernous aneurysm. 


panding intracavernous aneurysms. The 
ophthalmic division is especially liable to 
be affected, with consequent impairment or 
loss of corneal reflex, but all three divisions 
may be involved, including the motor di- 
vision. 

Yet trigeminal sensory loss cannot be 
regarded as a sine qua non in diagnosis. It 
often appears late in the clinical evolution, 
and severe sensory loss is unusual. From 
a study of the clinical chronology of the 
present series of 15 patients, one-third had 
no evidence of trigeminal sensory loss 8 
to 12 years after the onset of symptoms, 
one-third developed sensory loss more than 
3 years after the onset of symptoms, and 
in only 5 cases was there evidence of tri- 
geminal sensory loss within 2 years of the 
onset. 

Exophthalmos and Optic Atrophy.—An- 
eurysmal expansion in an anterior direction 
may occur severely over a period of several 
years, causing erosion of the optic foramen 
and widening of the superior orbital (sphe- 
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noidal) fissure visible on radiological exam- 
ination. Clinical evidence of anterior 
expansion consists -of exophthalmos and 
ipsilateral visual failure due to compression 
of the optic nerve in the optic canal. Either 
exophthalmos or visual failure may appear 
first, but eventually both usually appear. 
Unilateral exophthalmos occurred in 
more than half the present series (9 out 
of 15 cases). It is usually moderate in 
degree and a fairly late phenomenon. It 
may be masked, to some extent, by the 
presence of ptosis, consequent on involve- 
ment of the oculomotor nerve (Fig. 3). In 
two patients, the exophthalmos was severe 
and in one, no less than 12 mm. in degree, 
so that a diagnosis of orbital tumor was 
considered at one stage. The exophthalmos 
is quite unlike that seen in the figtulous 
carotid-cavernous aneurysms, in that there 
is no chemosis or edema of the lids and no 
congestion of the conjunctival vessels, 
Compression of the optic nerve by an- 
terior expansion of the aneurysm causes 


Fig. 3.—Ptosis and ocular palsy with marked 
exophthalmos. 
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progressive loss of vision of the ipsilateral 
eye, followed by optic atrophy. This oc- 
curred in 6 of the present 15 cases. It is 
usually a late phenomenon and is accom- 
panied or preceded by exophthalmos. In 
one patient, a woman of 58 years, unilateral 
visual failure and optic atrophy was the 
sole presenting feature. There was no head- 
ache or pain, no ocular palsy, and no ex- 
ophthalmos. Vision was reduced to 6/18 
in the affected eye, and the visual field 
showed loss of the temporal and upper 
nasal field, the only intact vision being in 
the lower nasal field. Erosion of the optic 
foramen and widening of the superior 
orbital (sphenoidal) fissure was seen on 
radiological examination, and arteriography 
revealed a large intracavernous aneurysm. 
All this was 10 years ago. The patient is 
still fit and well, apart from her unilateral 
visual impairment, but has recently devel- 
oped an ocular paresis and slight exoph- 
thalmos; calcification has appeared in the 
wall of the aneurysm. 

Posterior Aneurysmal Expansion.—In 
some cases, expansion may extend poste- 
riorly as far as the petrous portion of the 
temporal bone. Involvement of the internal 
auditory meatus and acoustic nerve is pos- 
sible and would seem to be a likely cause 
of the ipsilateral deafness which is some- 
times encountered as a late phenomenon. 
Three of the present series of fifteen pa- 
tients had ipsilateral deafness, and three 
further patients had bilateral deafness. 

Cephalic Murmur.—In spite of the large 
size which these aneurysms may attain, a 
cephalic murmur is unusual and occurred 
in only 2 out of 15 patients. The bruit 
ceased after carotid arteriography in one 
and after common carotid ligation in the 
other. 

Vascular Hypertension—About half of 
the present series had vascular hyperten- 
sion, and this, together with atherosclerosis, 
is probably one factor in pathogenesis. 

Of seven hypertensives, five died from 
cardiac failure or cerebrovascular accidents, 
5 to 10 years after the onset of symptoms. 
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One patient is still alive 11 years after the 
onset, with a blood pressure reading of 
245/120. Of the eight nonhypertensives, 
five are still alive, 8 to 11 years after the 
onset, and two died, 17 and 20 years after 
the onset. Normal blood pressure is indic- 
ative of a better prognosis. 


Prognosis 


Fourteen of the fifteen cases have been 
followed up to date. Six are still alive and 
well, apart from an ocular palsy or loss of 
vision, 8 to 11 years after the onset of 
symptoms. Only one of these had severe 
hypertension (240/140). 

Seven patients have died, 5 to 20 years 
after the onset, chiefly from cardiac failure 
or cerebrovascular accidents. Most of these 
had vascular hypertension. One patient is 
still alive with a hemiplegia which followed 
internal carotid ligation performed 18 
months after the onset. One patient is 
untraced. 

Thus many of these patients are able to 
live a fairly active life for a considerable 
number of years with an ocular palsy or 
unilateral visual loss. 


Radiological Changes in the Skull 


Careful radiological examination of the 
skull and optic foramina may contribute 
materially to the diagnosis. As the aneu- 
rysm extends in all directions, special at- 
tention should be paid to the optic foramina 
and superior orbital (sphenoidal) fissure, 
the sella, the petrous part of the temporal 
bone, and the floor of the middle fossa for 
evidence of erosion. Furthermore, these 
aneurysms have a particular tendency to 
show evidence of calcification in their walls. 

Calcification in the walls appears gradu- 
ally and probably takes several years to 
develop. It is seen as an intermittent or 
continuous curvilinear calcification above 
and lateral to the sella and may finally form 
a complete or incomplete circle, with the 
sella showing through in the center in the 
lateral view (Fig. 4). It occurred in 8 of 
the present 15 cases, and in 5 ‘of these 
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Fig. 4.—Ptosis and ophthalmoplegia, with marked 
exophthalmos (See also Fig. 10). 


calcification was not seen in the earlier 
radiological studies but became evident be- 
tween four and seven years after the onset 
of symptoms. 

Erosion of the lower and outer rim of 
the sphenoidal fissure is a particularly com- 
mon feature in these cases, due to anterior 
extension of the aneurysmal wall, and oc- 


curred in 8 of the present 15 cases, usually 
in association with exophthalmos or com- 
pression of the optic nerve, or both. Fur- 
ther erosion may cause widening of the 


Fig. 5.—Normal optic 
foramen (R). 


superior orbital (sphenoidal) fissure, which 
appears to coalesce with the optic foramen 
(Figs. 5 and 6). This erosion appears to 
have been first described by McKinney, 
Acree, and Soltz, in 1936, and by Jefferson, 
in 1937. More recently, Rischbieth and 
Bull (1958) have reviewed these radiologi- 
cal features. 


Destructive changes are sometimes seen 
in the sella itself, which may be enlarged, 
with erosion of the anterior clinoid process 
and of the dorsum sellae. Erosion of the 
floor of the middle fossa was seen in one 
patient, and erosion of the petrous part of 
the temporal bone in another. 

Arteriography.—Percutaneous arteriog- 
raphy was performed in 13 of the 15 pa- 
tients which form the basis of the present 
study. Of the two patients who did not 
have arteriographic studies, one had a calci- 
fied ring shadow on one side of the sella, 
and the other came to postmortem exam- 
ination, with visible proof of a large intra- 
cavernous aneurysm occupying the medial 
half of the middle fossa of the skull. 

In all 13 cases, with one exception, the 
aneurysm filled and was usually of consid- 
erable size, often obliterating the outline of 
the sella in the lateral view (Figs. 7 and 8). 
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Fig. 6.—Erosion of op- 
tic foramen (L) by aneu- 
rysm. 


In one case, the radiopaque shadow was 
considerably smaller than the calcified ring 
shadow which was present, indicating a 
considerable layer of clot in the wall. 

In only one case was there lack of fill- 
ing of the aneurysm, which was calcified. 
The radiopaque material showed a block of 
the internal carotid artery shortly above 
the carotid bifurcation, and it seems likely 
that in this patient, whose history went 
back for about 17 years, spontaneous cure 
had occurred by thrombosis in the aneu- 
rysm and internal carotid artery. 


Fig. 7.—Arteriogram showing aneurysm filled 
with radiopaque substance (Lateral view with sella 
showing through in center). 


Treatment by Carotid Ligation 


Ligation of the common carotid artery 
in the neck was undertaken in five patients 
without any complication, such as hemi- 
plegia. This seems to be the operation of 
choice, provided the patient can stand 


Fig. 8—Arteriogram (P. A. view). 
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digital compression of the carotid artery in 
the neck for 10 to 15 minutes without un- 
toward effect, and provided that cross flow 
arteriographic studies show that there is 
adequate filling of the middle and anterior 
cerebral arteries on the side of the aneu- 
rysm from the internal carotid artery of 
the opposite side. Of the five patients in 
whom common carotid ligation was per- 
formed, three are still alive and well, 7, 
10, and 10 years later, and two have died 
from cerebrovascular accidents and cardio- 
vascular degeneration 7 years after ligation. 

In two patients, ligation of the internal 
carotid artery was performed, with dis- 
astrous results. Both developed a hemi- 
plegia, and one died 12 days later. 

Each case must be judged on its merits, 
bearing in mind that many of these patients 
are over 60 years of age and are often the 
subject of atherosclerosis, which may cause 
defective collateral circulation with added 
risk on carotid ligation. The natural history 
of untreated aneurysms has also a bearing 
on the problem, as some patients may live 


for many years without surgical interfer- 
ence. Of the present series, eight patients 


had no surgical interference. Three of 
these died from 5 to 9 years after the onset, 
two died from 17 to 20 years after the 


Fig. 9.—Section across aneurysm shown in Fig. 
1, containing laminated clot. 
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onset, two are alive and well 10 to 12 years 
after the onset, and the fate of the remain- 
ing case is unknown. 

It is my view that common carotid liga- 
tion should be seriously considered in pa- 
tients under the age of 60 years, who have 
severe pain, failing vision or exophthalmos, 
provided cross flow studies are satisfactory. 


Postmortem Examinations 


In two cases which came to postmortem 
examination, there was in each case a large 
aneurysm occupying the medial portion of 
the middle fossa, and laminated clot had 
considerably reduced the size of the aneu- 
rysmal cavity in each case (Fig. 9; also 
Fig. 1). One patient died five years after 
the onset of symptoms with no surgical 
treatment. The second patient died eight 
years after the onset of symptoms; internal 
carotid ligation had been performied 12 
days before death. 


In both cases, erosion of the optic fora- 
men and superior orbital (sphenoidal) fis- 
sure had occurred. Inspection of the orbit 
from the front in the second case showed 
bulging of a mass of connective tissue and 
fat through the superior orbital fissure, 
which was severely eroded, and behind this 
was the aneurysmal wall (Fig. 10). 

In both cases, other intracranial aneu- 
rysmis were present; in one patient a bilat- 
eral middle cerebral aneurysm, which had 
ruptured into brain substance and caused 


Fig. 10.—Orbit front showing erosion by aneu- 
rysm (See Fig. 3). 
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death, and in the second patient an old 
thrombosed aneurysm of the basilar artery. 

In a third case, the aneurysm was small 
and thick-walled. It did not form a large 
mass in the middle fossa and was hardly 
visible until the cavernous sinus was sec- 
tioned transversely. This patient died of 
cardiac failure and cerebrovascular acci- 
dent, unconnected with the aneurysm, 10 
years after the onset of symptoms. Com- 
mon carotid ligation had been performed 
three years after the onset of symptoms. 
Both common and internal carotid arteries 
on the side of the ligation were completely 
occluded by thrombosis, and the internal 
carotid artery contracted to about half its 
normal size. The latter artery was also 
thrombosed as it left the aneurysmal sac, 
up to the level of the posterior communi- 
cating artery. It seems likely that common 
carotid ligation had a beneficial effect on 
the aneurysm by slowing down and dimin- 
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ishing the blood supply, for the aneurysm 
was considerably smaller than had been 
expected from the original arteriographic 
studies performed seven years previously, 
before carotid ligation was undertaken. 
Prof. William Blackwood, of London, supplied 
details of three postmortem examinations and ma- 
terial for Figures 1, 9, and 10. Dr. Hugh Davies 
and Dr. William Bull, of London, performed 
radiological and arteriographic studies. 


142 Harley St. W. 1. 
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Hereditary Alkaptonuria with Ochronosis 


JOSEPH L. HATCH, M.D., Salt Lake City 


Ochronosis is a rare condition, in which 
eye findings are almost always present.! 
This disease has not been stressed in oph- 
thalmological literature, but its detection is 
a matter of considerable importance. 
Skinsnes? reported a tragic case where a 
man’s only eye (the other one was lost 
after an injury) was needlessly removed 
because of suspected melanoma of the uvea. 
This eye had medial and lateral pigmenta- 
tions of the globe such as are found in 
ochronosis. No tumor was found. The pa- 
tient died one year later of bronchopneu- 
monia, and the diagnosis of ochronosis was 
proved at autopsy. 

Hereditary alkaptonuria is characterized 
by the excretion of homogentisic acid in the 
urine because of a block in the metabolic 
breakdown of tyrosine to carbon dioxide 
and water. 

phenylalanine 


tyrosine 
homogentisic acid 


acetoacetic acid 


COz and H,O 
There may be no symptoms, but about 
one-half of the cases have deposition of 
considerable amounts of pigment in the 
tissues, called ochronosis. This disease may 
develop as early as the third decade of life 4 
and presents itself as a triad of (1) pig- 
mentation of the ears and sclera, (2) urine 
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that darkens on exposure to air, and (3) 
osteoarthritis, 


Report of a Case 


A 59-year-old white woman was first 
seen at the Illinois Eye and Ear Infirmary 
on Nov. 18, 1957, with the complaint of 
blurring for near vision. She also mentioned 
the presence of dark spots on both eyes 
which were initially noticed by her daughter 
five years previously and which had not 
changed since then. 

The appearance of both eyes was practi- 
cally identical. The corrected vision was 
20/20 in each eye, wearing R. E.;: +1.00 
+1.50 ax. 180 degrees; L. E.: +1.00 ax. 
175 degrees; add +2.25=four-point type. 
Tension was 11 mm. Hg in each eye. The 
scleras showed oval, diffuse slate-gray areas 
of pigmentation bilaterally, temporal to and 
2-3 mm. from the limbus within the area 
of the palpebral aperture (Fig. 1). There 
was also a smaller, less deeply pigmented, 
similarly situated spot nasal to the limbus 
in the left eye. Biomicroscopic examination 
of the conjunctiva near the limbus within 
the palpebral fissure revealed scattered, 
round, golden-brown deposits which looked 
like discrete drops of lipid (Fig. 2). Some 
of these globules were very dark, and others 
were almost transparent. The corneas ap- 
peared normal grossly, but the biomicro- 
scopic findings were most _ interesting. 
Numerous tiny round golden-brown drop- 
lets similar to those seen in the conjunctiva 
were visible at the level of Bowman’s mem- 
brane near the limbus within the palpebral 
fissure. A few much larger clusters were 
also present (Fig. 2). The remainder of 
the eye examination was normal, 

The patient was a proven diabetic, con- 
trolled on diet alone. Systemic review was 
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negative except for backache, rigid spine, 
and pain with swelling of the left knee. 
The patient mentioned that if she soiled her 
underclothing with urine it left a dark stain. 
Her mother, now dead, also experienced 
dark staining of undergarments by urine 
but was not troubled by arthritis or pig- 
mentation of her eyes. The patient’s three 
children and a sister, her only sibling, were 
all normal. The family history was other- 
wise negative for ochronosis, arthritis, or 
diabetes ; her parents were not consanguin- 
ous. 

On physical examination the patient had 
Heberden’s nodes on the middle finger of 
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Fig. 1. — Ochronotic 
pigmentations are visible 
in the sclera of the pal- 
pebral fissure area. 


each hand, swelling and limitation of move- 
ments of the left knee, and a rigid spine. 
Both ears were firm and thickened, and 
the cartilages of the concha and antihelix 
were a rather dark bluish-gray color. The 
eyelids, nose, and skin of the cheeks ap- 
peared to have normal coloration. 

X-ray studies showed nonspecific osteo- 
arthritic changes in several joints, but the 
lumbodorsal spine presented the classical 
ochronotic findings * of thinned and calcified 
intervertebral discs with some ligamentous 
calcification (Fig. 3). The glucose-tolerance 
test demonstrated a definite diabetic type 
curve. The urine turned very dark on stand- 
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ALKAPTONURIA WITH OCHRONOSIS 


Fig. 2—Golden brown deposits are seen in con- 
junctiva, particularly near vessel bifurcations and 
in cornea near limbus, at Bowman’s level. 


ing or after the addition of 10% sodium 
hydroxide solution. A single drop of alka- 
linized urine placed upon exposed photo- 
graphic paper caused the paper to turn dark 
within seconds (Fig. 4) (positive Fishberg 
test) 


Comment 


This disorder shows a familial tendency,’ 
usually inherited as a recessive Mendelian 


characteristic but 


occasionally dominant. 


Fig. 3.— X-rays of lumbar 
and thoracic spine demonstrate 
thinned and calcified interver- 
tebral discs. 


Virchow named the disease, in 1866, after 
microscopic observation of tissue containing 
ochre-colored pigment granules. Osler,’ in 
1904, described the clinical features of the 
disease including the eye findings. The 
incidence of alkaptonuria has been stated 
by Stern ® to be approximately 1/1,000,000 
population, and ancestral consanguinity is 
present in 30% of cases. The sex ratio is 
2:1, males being affected more commonly. 
The disease is rarely found among Negroes. 
One may obtain a history of dark-staining 
diapers during infancy.’ Homogentisic acid 
does have reducing properties, and some 
persons have been refused life insurance 
because their urine tested positive for 
“sugar.” 


Grayish-blue pigment is deposited most 
abundantly in parts of the body character- 
ized by scanty blood and nerve supply, such 
as cartilages, tendons, and scleras. Calcium 
deposition may follow. The skin may be pig- 
mented in a butterfly pattern on the nose 
and cheeks. The cerumen may be brownish- 
black, and the suderiferous glands may 
excrete homogentisic acid in sufficient quan- 
tities to cause the axilla to turn dark.’ 
The arthritis most commonly involves the 
spine, shoulders, knees, and hips.’ Urinary 
and prostatic ochronotic calculi have been 
encountered.® An increased incidence of 
cardiovalvular lesions, particularly aortic 
stenosis, has been described.” Other con- 
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Fig. 4.—Positive Fishberg test. A drop of alka- 
linized urine causes exposed photographic paper 
to turn dark within seconds at the area of contact. 


junctival findings have been described as 
brown pigment deposited within tiny cystic 
lymphatic dilatations in a circular manner, 
forming signet rings and hemispheric fig- 
ures." The skin of the eyelids may also be 
pigmented.® 


Summary 

Ochronosis is a rare disease resulting 
from defective phenylalanine metabolism 
with excretion of homogentisic acid in the 
urine. It is characterized by (1) pigmenta- 
tion of the ears and sclera, (2) urine that 
darkens on exposure to air, and (3) osteo- 
arthritis. Eye findings are almost always 
present and are characterized by slate-gray 
pigmentations of the sclera near the temporal 
and nasal limbus, deposits of brown drop- 
lets in the conjunctiva, and similar droplets 
in the cornea at the level of Bowman’s 
membrane. X-ray findings, particularly cal- 
cification and thinning of the intervertebral 
dises, are often characteristic of the disease. 


A, M, A. ARCHIVES OF OPHTHALMOLOGY 


Important laboratory tests include darken- 
ing of the urine on standing or after addi- 
tion of 10% sodium hydroxide and rapid 
darkening of exposed photographic paper 
by a drop of alkalinized urine. 

1363 Butler Ave. (2). 
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Treatment of Herpes Zoster Ophthalmicus with 
Corticotropin and Corticosteroids 


HAROLD G. SCHEIE, M.D., and THOMAS G. McLELLAN Jr., M.D., Philadelphia 


This paper presents further observations 
on the treatment of herpes zoster ophthal- 
micus with corticotropin and corticosteroids. 
In a previous paper Scheie and Alper? 
reported the results obtained by the use of 
corticotropin and cortisone in 11 patients, 
10 of whom showed complete recovery. The 
present report summarizes the treatment and 
course of 25 more patients with herpes 
zoster ophthalmicus who have been treated 
with hormones given systemically. All of the 
patients had typical cutaneous changes ac- 
companied by ocular involvement and severe 
pain. Further experience has strengthened 
our initial conclusion that hormones exert 
a favorable influence when used thera- 
peutically for herpes zoster ophthalmicus. 
Relief of pain usually is achieved in one or 
two days, and the ocular lesions show 
prompt improvement. The course of the 
skin lesions seems shortened. 


Several reports on the use of corticotropin 
and corticosteroids have appeared since the 
review of the literature in our previous 
paper. Doenges? reported 15 cases of 
cutaneous and 1 of ophthalmic herpes zoster. 
These patients were treated with systemic 
cortisone. He felt that in the cutaneous 
form there was no definite advantage in 
hormonal treatment except perhaps in the 
prevention of scar formation. He thought 
cortisone was of real value in the treatment 
of ocular herpes zoster. Hogan, Thygeson, 
and Kimura * reported two patients treated 
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with topical cortisone and two with topical 
hydrocortisone. The first two became worse 
on therapy, and the second two showed no 
noticeable improvement, Marshall* used 
topical hydrocortisone to treat three patients 
with herpes zoster, one of whom had uveitis 
and episcleritis, He concluded that marked 
relief of pain occurred and that the skin 
lesions regressed more rapidly than was 
usually expected. Relief of pain occurred 
within 24 to 96 hours of starting treatment. 
Appelman® reported four patients success- 
fully treated by the use of corticotropin 
given intramuscularly or intravenously. One 
of the patients had herpes zoster ophthal- 
micus. He concluded that corticotropin 
shortened the acute phase, diminished pain, 
and helped to avoid complications. Benedict ® 
reported one patient with herpes zoster oph- 
thalmicus and keratitis treated with topical 
hydrocortisone and another with iritis and 
extraocular muscle involvement treated with 
topical and oral cortisone and intramuscular 
vitamin Bis. He felt that the course of the 
disease was favorably altered. 

Carter * reported 15 patients with herpes 
zoster. ophthalmicus treated by prednisone. 
All patients had conjunctivitis. Six had 
keratitis and associated iridocyclitis. He 
hesitated to draw conclusions regarding the 
efficacy of treatment from the small series, 
but he did believe that the course of the 
skin lesions was less severe. Epstein and 
Allington * reviewed treatment of 251 pa- 
tients with herpes zoster. Eleven of these 
received corticosteroids. In their opinion, 
no real alteration in the course of the disease 
resulted with any of the current methods 
of treatment. Drs. Elliott and Sulzberger, 
in discussing the paper by Epstein and 
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Allington, advocated a combination of 


cyanocobalamin and corticotropin. Sheard 
and Felder® reported one case of herpes 
zoster involving the geniculate ganglion 
which subsided promptly and without se- 
quelae on treatment with corticotropin. 


Classical descriptions of the ocular com- 
plications of herpes zoster are frequently 
misleading because the reader gains the 
impression that each occurs in an isolated 
manner, for example, keratitis. However, 
in our experience herpes zoster ophthalmicus 
usually produces a diffuse ocular involve- 
ment, just as might be anticipated from 
the confluent nature of the skin disturbance. 
The eyes usually show ciliary injection with 
an iridocyclitis which may vary in severity. 
Iridocyclitis is frequently associated with 
edema of the cornea and folds in Descemet’s 
membrane. Scleritis may occur. Secondary 
glaucoma may occur and be very intractable. 
Any part of the picture may predominate, 
but secondary glaucoma and corneal opacity 
have usually been the most devastating com- 
plications. Numerous other complications 
may occur including optic neuritis, extra- 
ocular muscle pareses, and retinal detach- 
ment, Iridocyclitis and corneal infiltrates 
may recur or progress for months or even 
years after the acute process. The infiltrates 
may be accompanied by corneal ulceration 
but more frequently begin as superficial 
corneal infiltrates with the silken-sheen ap- 
pearance characteristic of some virus dis- 
eases of the cornea. They may regress and 
disappear or advance toward the center of 
the cornea with an actively infiltrated slightly 
undermined border (Figure). 

The 25 patients here reported all showed 
involvement of the eye. All of them had 
iridocyclitis or uveitis (Table 1). Twelve 
of them had corneal edema manifest by 
clouding and folds in Descemet’s membrane. 
Three patients showed corneal infiltrates at 
the level of Bowman’s. membrane charac- 
teristic of virus infection, and two showed 
superficial corneal erosion, in addition to 
signs of intraocular involvement. 
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TABLE 1.—Types af Ocular Involvement in 
Twenty-Five Patients with Herpes 
Zoster Ophthalmicus 


Iridocyclitis. 
Iridocyclitis with corneal edema 
Uveitis with corneal edema 


Secondary glaucoma... 


All patients in this series were given 
topical atropine and hydrocortisone-neomy- 
cin ointments in addition to systemic therapy 
(Table 2). The skin lesions were treated 
with topical hydrocortisone to the stage of 
crust formation. Those whose skin lesions 
were severe enough to make secondary 
infection a definite risk were given prophy- 
lactic antibiotics systemically. All patients 
received systemic corticotropin or corticos- 
teroids alone or in combination. In most 
cases the initial dose of corticotropin was 
40 units intravenously. When improvement 
had occurred with intravenous therapy, 
intramuscular corticotropin was substituted ; 
a few days before stopping parenteral ther- 
apy oral corticosteroids were started. The 
patients were discharged to outpatient fol- 
low-up a few days later. In nearly all 
patients oral hormones were continued for 
several weeks after complete clearing of the 
aqueous and resolution of the corneal lesions. 

In most patients definite improvement 
was apparent within 24-48 hours after be- 
ginning therapy. Pain responded promptly, 
and analgesics were rarely needed after the 
second day of hospitalization. In the same 
period inflammation began to regress. The 
ciliary flush almost always diminished after 
the first day of treatment, and the aqueous 
began to clear by the second to fourth day. 

Five of this group had secondary glau- 
coma at the time of admission. In four of 
them the intraocular pressure fell to normal 
on 48 hours of hormone therapy. The fifth 
had severe uveitis and intraocular pressure 
of 60 mm. Hg. In addition to systemic 
hormone therapy, acetazolamide was given 
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HERPES ZOSTER OPHTHALMICUS—TREATMENT 


Recurrent iridocyclitis 


with secondary glaucoma 
suppressed with methyl 


prednisolone 
Little change on initia! dose; im- 


Subsided in 8 days, recurrences 


Subsided in 6 days 


Right Iridocyclitis, herpetic cor- 
Left Iridocyclitis, secondary 
glaucoma 


8/10/58 
8/58 


Scheie—McLellan 


None 


proved on increased dose, then 
subsided satisfactorily 


Left Iridocyclitis, severe; corneal 
edema 
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for four days. The pressure was normal 
by the fourth day. Acetazolamide was dis- 
continued, and intraocular pressure re- 
mained normal for the rest of the recovery 
period. 

The courses of seven of the patients 
indicate that the hormones have little if any 
effect on the virus which causes herpes 
zoster but that they act in a protective 
manner during the acute period of involve- 
ment. One of the patients developed herpes 
zoster ophthalmicus accompanied by irido- 
cyclitis and corneal infiltrates, while receiv- 
ing oral corticosteroid therapy for leukemia. 
His ocular inflammation quieted after the 
dose of steroid was increased. Even after 
control of the initial attack, the manifesta- 
tions of herpes zoster ophthalmicus can 
recur. This is especially true of keratitis and 
iritis, but the recurrences can usually be 
readily controlled by hormonal therapy. Six 
patients in this series suffered recurrences 
of iridocyclitis after the initial episode had 
subsided and treatment had been stopped. 
Recurrences usually responded to resump- 
tion of corticosteroid therapy as readily as 
the initial attacks. 

Two patients in the group have had 
serious sequelae—one a permanent corneal 
edema resulting from repeated attacks of 
severe uveitis with presumably damage to 
the corneal endothelium. The final visual 
acuity was 6/24. Another suffered loss of 
vision from optic atrophy. Two patients 
had corneal opacity with resulting visual 
acuities of 6/9 and 6/12. Two patients had 
permanent iridoplegia. Twenty-one patients 
suffered no visual impairment. 


Comment 


It is difficult to assess therapy in a disease 
like herpes zoster ophthalmicus, which may 
show spontaneous remission and whose 
severity is hard to quantitate. Stokes ® said 
that paralyses result from about 50% of 
cases of cephalic herpes zoster. Gundersen ™ 
discussed a control group of 19 untreated 
cases of herpes zoster ophthalmicus. Eleven 
lost vision to 6/60 or less (58%). Two 
declined to 6/15 or less (11%). Six re- 
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tained normal vision (31%). In the series 
reported here normal vision was retained 
by 21 (84%). Two had severe visual 
loss (8%), and two had moderate visual 
loss but retained useful vision (8% ). 

Gundersen ™ reported 22 patients treated 
with convalescent blood. Twelve of these 
(55%) were favorably affected. In seven 
(32%) the effect was doubtful, and in 
three (13%) there was no apparent effect. 
For a time convalescent blood therapy was 
used in our clinic with similar favorable 
results.’ However, the difficulty of procur- 
ing donors and the hazard of reactions with 
frequent transfusions led to the use of other 
therapeutic approaches as they became 
available. In our experience systemic treat- 
ment with corticotropin and corticosteroids 
has been the only successful alternate to 
convalescent blood therapy. On the derma- 
tology service of the Hospital of the Uni- 
versity of Pennsylvania corticotropin and 
corticosteroids are used in severe cases of 
herpes zoster, especially for those patients 
who have severe pain or deep skin lesions. 
Most such patients receive oral triamcin- 
olone, but those with gangrenous or very 
widespread painful lesions are given intra- 
venous corticotropin. Dr. Walter Shelley, 
who saw a number of our patients in 
dermatologic consultation, has stated that in 
the treatment of cutaneous lesions cortico- 
tropin and corticosteroids give better results 
than other forms of therapy.” 


Conclusions 


The clinical course of 36 patients with 
herpes zoster ophthalmicus, including 11 pa- 
tients previously reported,’ indicates, in 
general, a favorable response to systemic 
therapy with corticotropin and corticoster- 
oids. It is to be emphasized that those 
patients who do not improve initially do 
respond when the dose of corticotropin is 
increased to 60 to 80 units daily. Recur- 
rences of iridocyclitis seem to improve as 
rapidly with hormone treatment as does the 
initial attack. None of the patients in our 
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series have shown any exacerbation of the 
disease which might be attributable to 
hormone treatment. 


Summary 

Thirty-six patients with herpes zoster 
ophthalmicus treated with systemic cortico- 
tropin and corticosteroids have now been 
presented. Significant visual loss has oc- 
curred in only two eyes. 

The commonest complications of herpes 
zoster ophthalmicus are iridocyclitis and 
corneal opacity. 

Recurrences of iridocyclitis and keratitis 
after the initial attack subsides can be sup- 
pressed readily with corticosteroids. 

No ill effect on the eye disease has been 
seen in our patients treated with corticotro- 
pin and corticosteroids. 

Results of treatment seem to indicate that 
systemic corticotropin and corticosteroids 
exert a very favorable effect on herpes 
zoster ophthalmicus. 


313 S. 17th St. (3). 
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Fusion 


Flicker fusion frequency may be meas- 
ured in terms of either increasing or de- 
creasing rates at which successive visual 
stimuli are presented to the subject. In 
this work, a decreasing rate was used and 
flicker fusion frequency is defined as the 
rate at which the subject noted a change 
from a continuous to an interrupted sensa- 
tion. It is expressed in cycles per second. 

Although flicker fusion was known to be 
a sensitive method of examining the retina 
and optic pathways, it was not until 1933 
that Phillips 74 demonstrated its utility for 
examination of visual fields of several neu- 
rological patients and three normal subjects. 
His work was carried on and extended by 
Riddell,’* working with the same equipment 
but with modified technique. He tested 15 
normal subjects at 16 points in the visual 
field. 

Hylkema ** tested 33 light-adapted nor- 
mal subjects at four points on the horizontal 
meridian, reaching 25 degrees nasally and 
40 degrees temporally, employing a 5 degree 
test object. Working with fewer subjects, 
he also made more extensive tests with other 
sizes of test objects at more points on the 
horizontal and vertical meridians. 


A different approach was used by 
Weekers and Roussel.’* They took advan- 
tage of the known effect of the size of test 
object, i. e., the larger the test object, 
within limits, the higher the flicker fusion 
frequency, to control the rate at which 
flicker was perceived in different areas of 


Submitted for publication March 4, 1959. 
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The Range of Normal for Visual Fields by Flicker 


LOUISE G. LOVEKIN, M.D., Fairfield, Conn., and MARGARET R. CHANDLER, B.S., M.B., London 


the field. They adjusted the size of the test 
objects to the area tested so that the flicker 
fusion frequency in all the 26 areas which 
they tested, regardless of the age in the 49 
normal subjects with which they worked, 
fell between 43 and 30 cps for the undilated 
eye. Having established their normal values 
by this method, they extended their studies 
by comparing the flicker fusion fields with 
those on the regular tangent screen in pa- 
tients with retinal detachment, opacities of 
the media, tobacco amblyopia, glaucoma, 
arteriosclerosis, and central nervous system 
lesions. Dark-adaptation of 10-15 minutes 
was used throughout their experiments. 

Miles,®?” in 1949, introduced the strobo- 
scopic light for doing flicker fusion fields. 
He charted the fields of the light-adapted 
eye both on the tangent screen and the 
perimeter. In addition to normal subjects, 
he studied amblyopia ex anopsia, glaucoma, 
and neuro-ophthalmic lesions. 

Havener and Henderson, with use of 
Miles’ technique, compared the results of 
flicker fusion fields with those of standard 
methods of field examination, including 
color fields, in 90 patients with a variety of 
eye diseases and central nervous system and 
circulatory disorders. 

In spite of this work, the range of normal 
has not been well-delineated. It seemed to 
us as though this would need to be done 
before clinical fields could be properly un- 
derstood. Therefore, the present study was 
undertaken to establish the range of normal 
critical flicker fusion frequencies for three 
different sizes of test object, under condi- 
tions which could be easily duplicated in a 
clinic or office. 
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VISUAL FIELDS—NORMAL RANGE 


Method 


Subjects.—Fifty-nine normal subjects 
(102 eyes) were chosen from hospital per- 
sonnel, both men and women, from 18 to 65 
years of age. Refractive errors which could 
be corrected to 20/20 were acceptable, and 
subjects were tested wearing their glasses. 
All had normal fields as tested with a 2 
mm. white test object at 1 m. on a black 
tangent screen under 8 ft-c. illumination. 
Each subject was tested three times, first 
with a 1% degree test object, at another 
time with a 4 degree test object, and on a 
third occasion with a 2 degree test object. 

So many things have been said to alter 
flicker fusion that we drew up the history 
sheet shown in Figure 1. Almost all authors 
ou the subject mention the effect of age 
and pupillary size. Krasno and Ivy® and 
Weekers and Roussel * mention the effect 
of cardiovascular disease and hypertension ; 
Ivy, Krasno, and Roback® studied the ef- 
fects of many commonly used drugs—bar- 
biturates, antihistaminics, acetophenetidin, 
and caffeine which depress and dexedrine 
and benzadrine which increase flicker fusion 
frequency, and Marty ani Hardy’? used 
flicker fusion to prognosticate toxemias of 
pregnancy and the prognosis thereof. 


HISTORY SHEET 


HOSPITAL NUMBER 
AGE SEX RACE 
GENERAL HEALTH (heart or lung disease, etc.) 


OPACITIES 


Fig. 1—Sample history sheet used in screening 
normal subjects. 
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Violet 
8.- Blue 
G.- Green 
Yellow 
O.- Orange 
Red 


PHOTOTUBE OUTPUT (RELATIVE) 


45 5 55 60 70 
WAVELENGTH IN MICRONS 

Fig. 2.—Spectrum of the Strobotac bulb in 
microns. 


Apparatus.—The Strobotac described by 
Miles was used in the current experiments. 
The light produced is orange in color and 
has a wave length of 0.625, (Fig. 2). The 
duration of the flash with the switch on 
“low” lasts approximately 40sec. The bulb 
has a peak of 0.02 to 0.03 megacandle 
power. 

The Strobotac was modified as follows: 
The glass and bulb were removed from the 
“bull’s eye” on the front of the housing. 
A cord was plugged into the socket and led 
through a semirigid plastic tube to a rec- 
tangular gray housing in which the bulb 
was mounted. This constituted the “wand” 
and was painted gray. A removable side- 
panel allowed insertion of different sizes 
of test object, 4%, 1%, and 2 degrees. A 
translucent piece of plastic was used to 
obscure the filament. 


A gray tangent screen at 1 m. served as 
the surround, with an illumination of 18 
ft-c., measured with a Weston Illumina- 


tion Measure. This is rather more light 
than one might ordinarily use, but we knew 
of similar work being done at 8 ft-c. and 
felt we would supply more new information 
by picking a different level of illumination. 

Technique.—The history was taken, and 
pupils were measured with the subject gaz- 
ing at the central fixation spot on the screen. 
The Strobotac was warmed up for 10 min- 
utes before use. Before the first test on any 
subject, the procedure was explained and 
demonstrated. 


79/589 


ids 
° 
Ty 
50) 
ons 
4, 
DRUGS 
ALCOHOL 
‘TOBACCO 
BLOOD PRESSURE 
PUPIL SIZE 
PUNDI 
2 
me 
4 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


NO.OF F.F READINGS AT CENTER WITH Yo 
38 
J 


i 


> 


1 


30 35 40 45 50 
CYCLES PER SECOND 
7. Fig. 4.—Range and distribution curve of bape 
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Fig. 3—Sample 15% degree field showing the 26 4°44 degree test object Held with 
areas tested; readings in cycles per second. 
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NO. OF FF. READINGS IN 
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Fig. 7—Range and distribution curve of 
flicker fusion frequencies in the 25 degree 
perimeter with a % degree test object. 


10 15 20 25 30 35 40 45 S50 55 60 


CYCLES PER SECOND 


Starting with an apparently steady light, 
the rate of flicker was rapidly reduced until 
the subject signified that flicker was per- 
ceived. 


Twenty-six areas were tested on each eye, 
one central, eight in the 10 and 25 degree 


perimeters, and nine in the 17% degree 
perimeter. 


The speed of flicker was read on the 
Strobotac as revolutions per minute, con- 
verted to cycles per second, and charted as 
shown in Figure 3. 

A cream-colored metal shield clipped on 
to a spectacle frame, so that light was not 
excluded, was used to cover the eye not 
being tested. 

_ Subjects were seated behind a vertically 


adjustable table which held a chin and fore- 
head rest. 
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NO. OF F.F. READINGS AT CENTER W 


40 45 50 88 60 
CYCLES PER SECOND 
Fig. 8.—Range and distribution curve of flicker 


fusion frequencies at the center with a 1% degree 
test object. 
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30 35 40 45 50 55 60 
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Fig. 9.—Range and distribution curve of flicker 
fusion frequencies in the 10 degree perimeter with 
a 1% degree test object. 


A key was used by the subject to tap on 
the table when flicker was recognized. 


Results 


Figures 4-15 are the distribution curves 
for the three test objects. Low numbers 
on either side of every multiple of five are 
mathematical artifacts due to the conversion 
of revolutions per minute on the Strobotac 
to cycles per second. They could have been 
observed by plotting every other number, 
i. €., 20-22-24-26 and so on, so it is not 
felt that these artifacts interfere with the 
validity of the curves. 

Bell-shaped curves are formed by the 
data taken with the 4% and 1% degree test 
objects and the center with the 2 degree 
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test object. The other 2 degree charts pre- 
sent a skew to the higher frequencies, most 
noticeable in the 10 degree perimeter. 

For this reason, additional studies were 
undertaken to find the upper limit of nor- 
mal with the 2 degree test object. Five of 
the subjects who had had the highest flicker 
fusion frequencies were retested with the 
Strobotac set on “high.” 

The results of this study are incorporated 
in Table 1, the statistical analysis of the 
data, and are marked with an asterisk. The 
flicker fusion frequencies indicated by the 
asterisks are the levels by which all five 
subjects had recognized flicker. Above 
this, three subjects recognized flicker in the 
10 degree perimeter at 70 and two in the 
17% and 25 degree perimeters at 78 cps. 
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Fig. 10.—Range and distribution curve of flicker 
fusion frequencies in the 17% degree perimeter 
with a 1% degree test object. 
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NO. OF F.F. READINGS IN 25° PERIMETER WITH 


lth 


20 25 30 35 40 45 50 55 60 
CYCLES PER SECOND 


Fig. 11.—Range and distribution curve of flicker 
fusion frequencies in the 25 degree ee. with 
a 1% degree test object. 


0. 
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NO. OF F.F READINGS AT CENTER WITH 2°T.0. 


40 45 50 55 60 
CYCLES PER SECOND 


Fig. 12.—Range and distribution curve of flicker 
fusion frequencies at the center with a 2 degree 
test object. 
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These figures suggest that the mean, 
standard deviation, and median would all be 
increased, with the mean and median com- 
ing closer together so that a bell-shaped 
curve would be formed by the 2 degree 
data. 

Table 1 shows that the low figures for the 
Y% and 1% degree test objects show a pro- 
gression downward from central vision to 
the 10 degree perimeter to the 17% degree 
perimeter and finally to the 25 degree per- 


100 
90+ 


85- 


80- 


NO. OF FF. READINGS IN 10° PERIMETER WITH 2°T.0. 


40 45 50 55 60 
CYCLES PER SECOND 


Fig. 13.—Range and distribution curve of flicker 
fusion frequencies in the 10 degree perimeter with 
a 2 degree test object. 


imeter. With the 2 degree test object, even 
the low figures showed a slight rise in 
flicker fusion at the 10 degree perimeter, 
followed by a decline in flicker fusion fre- 
quency at the 17% and 25 degree perim- 
eters. 
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Fig. 14.—Range and distribution curve of flicker Fig. 15.—Range and distribution curve of flicker 
fusion frequencies in the 17% degree perimeter fusion frequencies in the 25 degree perimeter with 
with a 2 degree test object. a 2 degree test object. 


TaBLe 1—Summary of Statistical Analysis of Flicker Fusion Frequencies 
for Each Test Object and Each Position in Cycles per Second 


& 


* These frequencies based on additional studies described in the text. 


100 100 + 
126160 105 i 
95 95 Boe 
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a rally i 
Av. 
Difference 
: Position, Between i 
Object, Degrees No. Standard High & Low 
; Degrees Perimeter Readings High Low Mean Deviation Median for Each Eye sit 
Center 102 32 39.5 3.3 41.5 a 
; % 10 816 19 41.6 6.2 37.5 8.6 es 
4 17% 918 17 38.7 7.7 37.5 10.7 se : 
25 816 10 35.5 8.8 33.0 11.3 
‘ Center 102 4 48.1 4.0 50.5 : 
1% 10 816 32 52.2 44 46.5 5.4 re 
17% 918 30 49.7 5.2 45.5 6.9 
é 25 $16 22 47.3 5.9 41.5 74 
Center 76 47 52.4 3.1 54.0 a 
‘ 10 608 48 57.9 2.5 54.5 2.2 : 
56.0 
2 17% 634 42 55.9 3.6 51.5 4.5 as 
° 54.0 
» 25 608 28 53.9 4.6 4.5 5.8 
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TaBLe 2.—Relations Between the Central and 
Peripheral Flicker Fusion Frequencies 


TaBLe 3.—Comparison of Range of Flicker Fusion 
for Different Age Groups * 


No. Eyes 
% Degree 14% Degree 2 Degree 
T. 0. T. 0. 


All peripheral higher than 
central 

Lowest peripheral equal to 
central 

Some peripheral higher & 
some lower than central 

Highest peripheral equal to 
central 

All peripheral lower than 
central 


20 
40 
20 
102 


Total eyes 


This relation was not constant though. 
Even with the % degree test object, nine 
eyes, or nearly 10%, had a flicker fusion 
higher at the 25 degree perimeter than at 
the center, while in three more the lowest 
peripheral flicker fusion was equal to the 
central flicker fusion. With the 2 degree 
test object, there were 31 eyes, or 40%, in 
which all the peripheral flicker fusion read- 
ings were higher than the central and an 
additional 7 eyes in which the lowest pe- 
ripheral reading was as high as the central 
flicker fusion. In order to show these 
patterns more clearly, we classified them 
in five categories, as shown in Table 2. 

A comparison of the high and low flicker 
fusion frequencies for each eye of both 
eyes of one subject shows a wide variation in 
sensitivity to flicker. 

With the % degree test object, there are 
56 instances of a difference of more than 
15 cps between the different areas in one 
perimeter. With the 1% degree test ob- 
ject, there are only 16 such instances, while 
with the 2 degree test object, this only 
happened four times. 

With all test objects, the greatest varia- 
tion between high and low was in the 25 
degree perimeter. 

While there was a tendency for the higher 
readings to be located nasally and down- 
ward, as described by Hylkema,* it was not 
_ statistically significant. 
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* Based on averages of each eye with the 1 }4 degree test object 
expressed in cycles per second. 


The difference between the central flicker 
fusion frequencies for the two eyes was 
greatest for the % degree test object, less 
for the 1% degree test object, and least for 
the 2 degree test object. 

Another method of analyzing our data 
was to average the 1% degree flicker fusion 
frequencies for each perimeter of each eye. 
Using this data, the effect of age, pupillary 
size, and cigarette smoking were studied. 

Effect of Age.—It will be seen from the 
figures in Table 3 that the highest values 
for flicker fusion were reached by persons 
between the ages of 20 and 40, while some 
of the lowest were, for this particular series, 
in the age group between the ages of 40 
and 50 years. The number of eyes in the 
group over 50, however, is too small to be 
accepted without reservation. It is very 
possible that if a larger number of persons 
in the older age group were tested the range 
of flicker fusion frequencies would be found 
to extend lower than we found them. 

Effect of Pupillary Size-—An attempt 
was made to tabulate the effect of pupillary 
size on flicker fusion frequency. While the 
tabulation seemed to support the recognized 
effect of pupillary opening on flicker fusion 
frequency, namely, that the largest pupils 
are expected to have a higher rate of flicker 
fusion, we have not included it because we 
realized that it correlated coincidentally 
with the effect of age on the pupillary open- 
ing. All subjects who had 5 mm. pupillary 
openings under test conditions were less 
than 30 years of age and, with one excep- 
tion, those who had 3 mm. pupils were over 
40 years of age. 
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No. 10 17% 25 
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41-57 48-56 46-55 42-58 
21-29......... 43-59 48-60 44-59 40-58 
42-55 44-60 45-58 41-58 
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Taste 4.—Range of Average Flicker Fusion 
Frequencies for Nonsmokers and Smokers 


No. 10 17% 25 
Eyes Center Degrees Degrees Degrees 


Nonsmokers 46 
Smokers 56 
One subject, 

2 packs/ 

day, age 44 2 


42-58 
41-59 


43-60 38-58 32-58 
43-60 41-59 37-58 


45-48 49-52 48-51 46-47 


* Expressed in cycles per second with the 1% degree test 
object at the center and in the 10 degree, 17 degree, and 25 de- 
gree perimeters. 

Effect of Smoking.—Table 4 compares 
the average flicker fusion frequencies of 
smokers with those of nonsmokers, with use 
of data obtained with the 1% degree test 
object. It will be seen that the range is 
comparable for the two groups. Referring 
back to Table 1, we find that this difference 
is not greater than the standard deviation 
for this size of test object. 

Only one of our subjects smoked two 
packs a day. The findings on this subject 
are marked with an asterisk in Table 4 and 
compare favorably with others in her age 
group, shown in Table 3. 

These figures seem to indicate that habit- 
ual cigarette smoking does not appreciably 
alter flicker fusion frequency. 

Effect of Dominance.—Because of the 
relation already demonstrated between 
flicker fusion and amblyopia ex anopsia first 
by Lohmann (cited by Miles®), by Tera- 
skeli,“* by Mayer and Sherman,® and by 
Miles,® it occurred to us to investigate 
whether ocular dominance would show 
some particular pattern. 

We tested 38 subjects for dominance by 
the pinhole method. No abnormally high 
central flicker fusion or a depressed pe- 
ripheral flicker fusion in the nondominant 
eye, similar to the pattern in amblyopia 
ex anopsia, was found, nor was any other 
particular pattern associated with domi- 
nance. The patterns formed varied from 
one size of test object to the other for most 
subjects. 


Comment 
Two difficulties are peculiar to Strobotac. 
The first is an audible clicking in the bulb 
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which varies with the speed of flicker. 
Some of our subjects were cognizant of 
this sound and its correlation with flicker. 
In discussion of this problem with Gins- 
berg, who is working with Carney Landis, 
the suggestion was made of “jamming” by 
means of another motor, such as an electric 
fan, in the room to obscure the Strobotac 
sound. However, we did not change the 
test conditions because a good deal of work 
had been done. 

The second difficulty, for our particular 
project, was the limited overlap of the 
“high” and “low” settings on the machine, 
so that it was not possible to reduce the 
rate of flicker smoothly from over 60 to 
40 or less. This would not be likely to 
interfere with fields done for clinical pur- 
poses. 

We were not primarily interested in the 
effect of pupillary size, but it seemed as 
these data were being analyzed that to un- 
dertake work on this subject, it would be 
necessary to select subjects who were within 
a few years of each other in age or to have 
a large enough number of subjects in each 
age group that they could be classified on 
the basis of age as well as on the basis of 
pupillary size. 

The finding of flicker fusion frequencies 
of 78 in the peripheral areas of two of our 
subjects is higher than others generally 
reported. However, Hylkema* reported a 
flicker fusion frequency of 82 in work with 
an episcotister, with a larger test object and 
greater illumination; Kennelly and Whit- 
ing,” in 1907, also working with an epi- 
scotister, estimated that the maximum 
frequency with a stationary target and a 
stationary eye should be in the neighbor- 
hood of 66 cps, and Erlick and Landis,!* 
in 1952, showed that flicker fusion fre- 
quency was higher when measured with a 
Strobotac than with an episcotister. They 
attributed this to the difference in duration 
of the dark period in the flash cycle of the 
two methods. In our case, the relatively 
high level of general illumination may have 
been a contributing factor. 
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The lower limit of normal for a given 
size of test object is the more important 
limit clinically because pathology is always 
associated with a lowering of flicker fusion 
frequency. Table 1 records these for all 
three sizes of test object. In addition, low 
readings were not uncommon for the areas 
above or below the blind spot or both. This 
was probably the result of bringing the test 
object too close to the blind spot. It is 
probable that Weekers and Roussel * en- 
countered similar difficulties because they 
used a 6 degree test object above and below 
the blind spot and smaller test objects else- 
where in that perimeter. 

The technique used in the current study 
was fairly well standardized, and from an 
early phase of the work the important prac- 
tice emerged of reducing flicker speed rap- 
idly. Quick local adaptation of peripheral 
areas of the retina to flicker is well known, 
and not infrequently readings were re- 
corded which were too low for the area 
tested. In our experience more reliable 
readings can be obtained for these doubtful 
areas by repeating the observations after 
an interval, usually after completion of -the 
remainder of the field. 

Our data show a wide range of individual 
variation for the % degree, less for the 
1% degree, and least for the 2 degree test 
object. The distribution of flicker fusion 
values for the center and each of the per- 
imeters tested fell into a bell-shaped curve, 
except where the limitation of the apparatus 
forced the data to present a skew to the 
higher frequencies. 


Comparing flicker fields with standard 
fields, we feel that the 2 mm. white test 
object fields can be done more rapidly and 
are easier to understand in that they create 
their own pattern. With flicker, a low 
reading in one area or in two separate areas 
usually casts doubt on the technique and was 
found to compatible with a normal field. 


Over and above specific comparisons, 
though, there is the consideration that in 
one case the regular field may pick up a 
defect, while in another, the flicker fusion 
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field may be the more revealing. This was 
the basis which Havener and Henderson 
used in assessing the usefulness of flicker 
fusion fields, and it is a compelling reason 
for doing flicker fusion fields in cases 
where fields are indicated, as well as stand- 
ard fields. 

In addition to this, there are the cases of 
opacities of the media in which form vision 
is so impaired that regular fields cannot be 
done, yet flicker fusion may produce very 
reliable fields. 


Summary 


We have worked out range and distribu- 
tion curves for flicker fusion frequency with 
test objects of Y%, 1%, and 2 degrees for 
the center, eight areas in the 10 degree per- 
imeter, nine areas in the 17% degree 
perimeter, and eight areas in the 25 degree 
perimeter, a total of 26 areas for each field, 
with 51 normal subjects and 102 eyes and 
with easily procurable apparatus under 
specified and easily reproducible conditions. 

Our figures include the high, low, median, 
mean, standard deviation, mode, and aver- 
age difference between high and low of 
flicker fusion frequencies expressed in 
cycles per second. 

We have also sought to corroborate with 
our data known or suspected relationships 
between flicker fusion and age, pupillary 
opening, cigarette smoking, and ocular dom- 
inance. 

Dr. Colin White, Head of the Biometries De- 
partment of the Yale University School of Medi- 
cine gave suggestions on the handling of data and 
on the figuring of standard deviation. 
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Spontaneous Retinal Electrical Potentials 


JERRY HART JACOBSON, M.D., and GIDON F. GESTRING, New York 


Recent interest in psychopharmacology 
has led to extensive investigation of a num- 
ber of types of drugs. The derivative of 
ergot known as D-lysergic diethylamide, or 
LSD-25, is one of the most thoroughly 
studied. This substance has been known to 
have pronounced effects upon the uterus, 
vagina, and bronchi and to cause mydriasis, 
tachycardia, rise in temperature, and other 
autonomic effects. Hoffman,? in 1943, was 
the first to report psychic effects of the drug, 
after he had accidentally ingested a small 
quantity of it. These have been found to 
include mood changes, schizoid states, and, 
most important from the ophthalmological 
standpoint, visual hallucinations. 


The doses required for production of 
hallucinations in man are extremely minute, 


as little as 0.5yg. to 1.0ug. per kilogram of 
body weight being effective.* Larger doses 
are required in schizophrenic patients.* 


Recently Apter and Pfeiffer® reported 
their observation that upon administration 
of LSD-25 to cats, the animals behaved as 
though they were having visual hallucina- 
tions and that spontaneous electrical activity 
occurred in the eyeball of the cat when the 
drug was administered. The conclusion was 
drawn that, contrary to the opinion gener- 
ally held that the visual disturbances of the 
drug were due solely to central nervous 
system effects, the peripheral action of the 
drug upon the retina must be considered as 
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a participant in the production of the halluci- 
nation. Our study was undertaken in an 
attempt to determine the characteristics of 
this phenomenon. 


Methods 


Forty-five adult cats were utilized in this 
study. The majority of the studies were 
performed by recording from the surface 
of the eyeball. In these experiments a chlo- 
rided silver electrode, 1 mm. in diameter, 
was sutured against the corneal surface 
about 1 mm. inside of the limbus. The 
animals were anesthetized with pentobarbital 
sodium, about 30 mg per kilogram, and 
artificially ventilated. The subclavian vein 
and femoral artery were cannulated, and 
remote control syringes were so arranged 
within a shielded chamber as to allow simul- 
taneous systemic administration of drugs 
and recording of the blood pressure without 
disturbing the shield or the state of dark- 
adaptation, Bilateral recording was usually 
performed, and the outer canthus or the 
nose served as reference leads. 

In another group of cats, the cornea, 
lens-iris diaphragm, and vitreous were re- 
moved. Micromanipulators were used to 
position and hold electrodes against the 
retinal surface. 

Monkey and human excised retina was 
studied, with use of the technique which 
has been described elsewhere.® 

A Grass polygraph unit was used for ink- 
writer recordings and a DuMont Type 333 
dual-beam oscilloscope and Grass Kymo- 
graph camera for photographic records. 
Section of the optic nerve, when performed, 
was accomplished acutely by sharp traction 
on a silk suture which had been previously 
looped about the nerve at the chiasm. In 
chronic studies the nerve was sectioned at 


89/599 


pee 
fy 
be = 
_ 
3 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


50 wv. 1 Sec." 


Fig. 1—Effect of 100ug. of LSD-25 per kilogram on the ERG of the cat. “Spontaneous” 
potentials developing in cat eye after administration of LSD-25. Arrows indicate light stimuli. 
Tracing of right eye is after section of the optic nerve. 


the chiasm after gentle retraction of the 
frontal lobes. In all “‘optic-nerve-sectioned 
animals” the central retinal circulation was 
kept intact and verified by ophthalmoscopic 
examination, All animals were adapted to 
total darkness for 20 minutes prior to re- 
cordings. 


Results 


In 40% of all animals given injections 
intravenously with LSD-25 at a dosage level 
of about 50yg. per kilogram of body weight, 
spontaneous potentials were recorded from 
the eyeball, sometimes triggered by light 
stimuli (Fig. 1). 

Section of the optic nerve at the chiasm 
abolished these potentials. If the section was 


Os 


(SécT) ? 


unilateral the spontaneous activity disap- 
peared in the sectioned eye and persisted 
in the intact eye (Fig. 2). 

Similar potentials can be shown to de- 
velop in animals which have suffered heavy 
blood loss or have had a large dose of 
barbiturate (Fig. 3). 

Figure 4 shows a series of ERG’s re- 
corded from the surface of a cat eye. In 
the left column the topmost record is the 
response of a cat lightly anesthetized with 
pentobarbital. Additional doses of pentobar- 
bital causes an increase in the b-wave ampli- 
tude until a maximum is attained (3d 
tracing). Added drug causes diminution of 
response until the original amplitude of 
response is reached (Sth tracing). From 


t 


Fig. 2.—Recordings from both eyes of a deeply anesthetized cat with unilateral optic nerve 
section, showing “spontaneous” activity only in eye with intact nerve. Arrows indicate light 
stimulation. Normal ERG’s in eye with sectioned nerve. 
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RETINAL ELECTRICAL POTENTIALS 


Fig. 3.—“Spontaneous” activity in eye of cat after heavy blood loss. Arrows indicate 
light stimulation. 


this point on if one administers more _ sign is typical of deeply depressed animals. 
barbiturate or LSD-25 or bleeds the animal, Most animals recover under artifical respira- 


a sequence of changes as shown in the right tion and regain a normal response to light 
hand column is induced. This reversal of stimuli, 


1 Sec. 
Fig. 4.—Sequential changes in ERG character in cat after serial doses of pentobarbital. 
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Samples of human, cat, and monkey retina 
were excised, and records were made of the 
tissue to light. No alteration in the character 
of the responses of such tissue was obtained 
when LSD was added to the medium in 
which the tissue was suspended. 


Comment 


The electrical activity of the retina may 
be modified by a variety of factors. A 
number of drugs, including barbiturates,”* 
hexamethonium,® iodoacetate,” trichloro- 
ethylene"! ethyl alcohol,* and LSD-25, 
affect the characteristics of the response to 
light. Variations in the effects noted with 
some of these agents were striking. This 
difference in character of response is 
noted not only in the retina but in cere- 
bral neurophysiology as well. 


Increase in amplitude of the a- and b- 
wave components of the ERG due to admin- 
istration of one toxic agent, trilene, thought 
by Noell to be due to an inhibition “of the 
ability of certain parts of the ERG system 
to shift from scotopic operation to the 
photopic one.”"* 

In a recent report® we presented a hy- 
pothesis which projected the existence of an 
inhibitory center at a higher level than the 
retina affecting the electrical activity of the 
retina through centrifugal fibers. We feel 
that this is a possible explanation for the 
inhibition suggested by Noell. Clinical find- 
ings with the afterimage test also show 
that there is a marked cerebral influence 
upon what had been thought to be the purely 
retinal function of persistence of images.’® 

The matter of dosage must be carefully 
considered in this work. The amount needed 
to produce visual hallucinations in normal 
man, as reported, among others, by Mayer- 
Gross, McAdam, and Walker,* is as little 
as O.5yg. per kilogram of body weight. 
Apter and Pfeiffer® used doses of 100yg. 
in their cats, or, assuming a normal 3 kg. 
cat, 33ug. per kilogram. The effect of 
pentobarbital must also be considered, since 
it too’ has an interaction with the effect 
of LSD-25. Complexity is added to this 
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already confused picture by the fact that 
blindness has been found to occur in 
monkeys '* given doses of LSD-25 not much 
higher than that used by Apter and Pfeiffer. 

All of this causes us to approach with 
great caution the drawing of conclusions 
from any given set of observations. We 
feel, for example, that the evidence of cats 
rubbing their eyes, peering into their cages, 
and grasping the air with their paws, as 
reported,® is rather tenuous evidence for 
the conclusion that “cats are capable of 
having hallucinations.”?* Similar effects can 
be seen upon the administration of drugs, 
for example, pentobarbital, before the animal 
loses consciousness. 

With due caution, therefore, we should 
like to suggest the possibility that many 
of the electrophysiological variations in 
retinal activity noted as a result of admin- 
istration of drugs are not entirely due di- 
rectly to the action of the drugs on the 
retinal elements themselves but rather are 
due to effects upon a hypothetical “feed- 
back” type of control, in the form of an 
inhibitory center in the brain. We feel that 
many of the observed phenomena can be 
best explained in this manner. 

It is our concept that the purpose of 
this center is to stabilize the level of retinal 
impulses at the retinal level. An intense 
light stimulus, for example, will activate 
the center which in turn will inhibit the 
retinal activity level, thus decreasing the 
visual signal to an interpretable level. A 
weak signal, on the other hand, will reach 
the higher levels of the brain uninhibited 
because the inhibitory center is not stim- 
ulated to activity. 

External interference with this delicate 
system by either depression (anesthesia or 
blood loss) or stimulation (electrical or 
pharmacological) will then cause an absence 
of appropriate inhibitory potentials at in- 
tense illumination levels or sporadic, unco- 
ordinated bursts of inhibitory potentials in 
the dark. This is, in our opinion, the source 
of the spontaneous potentials observed. 
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A wide variety of drugs at certain dosage 
levels will probably produce effects similar 
to those described above. However, in all 
cases, spontaneous activity of this type is 
abolished by cephaloretinal interruption, 
such as optic nerve section. 


Summary 


Doses of D-lysergic diethylamide (LSD- 
25) (below 25ug. per kilogram) adminis- 
tered to cats systemically show no effect on 
the electrical potential of the eye. 

Higher doses of LSD-25 (50yg.-100yg. 
per kilogram) sometimes produce spontane- 
ous potential fluctuations in the intact eyeball 
of the cat. 

Similar potentials can also be observed 
in animals which have suffered heavy blood 
loss or overdose of anesthesia (pentobarbi- 
tal, sodium amobarbital [amytal], or ether). 

Those potentials are abolished by section 
of the optic nerve, increase of anesthesia, or 
CNS stimulants. 

The effect of large quantities of LSD-25 
(over 200ug. per kilogram) on the ERG is 
identical to that observed upon administra- 
tion of large quantities of pentobarbital. 

LSD-25 has no effect upon the ERG of 
the excised retina of the human, cat, or 
monkey. 

A hypothetical explanation of these phe- 
nomena is presented. 


880 5th Ave. (21). 
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Focal Senile Translucency of the Sclera 


DAVID G. COGAN, M.D., and TOICHIRO KUWABARA, M.D., Boston 


The occurrence of discrete gray areas, 
often called plaques, in the sclera just in 
front of the medial and lateral recti is a 
common finding in old age. If these areas 
are excised together with a rim of normal 
sclera and held before a light, they show 
increased translucency. They are not pig- 
mented and are not plaques in the usual 
sense of the word. Their gray color is due 
to enhanced visibility of the uveal pigment, 
but occasionally they do contain calcific 
plaques. 

Since these focal spots are not known 
to have clinical significance, they have not 
attracted much attention and are poorly 
described in current textbooks and most 
reviews. The scanty literature up to 1945 
was collected by Roper? in an article which 
incidentally presents the best clinical illus- 
trations of the entity in the literature. That 
article emphasizes the association of the 
spots with age and points up the confusion 
which has resulted from misinterpretation 
of the entity as a form of scleromalacia 
perforans. 

The histopathology of these scleral areas 
has been reported, in a total of only four 
cases: by Zavalia,? in 1937; Culler,’ in 
1939; Kyrieleis* in 1939, and Pur,® in 
1955, respectively. Zavalia’s specimen, ob- 
tained by biopsy, was said to show signs 
of “hyaline degeneration and calcification” 
with loss of cellular elements. Culler’s 
specimen was obtained at autopsy and is 
described as a “. . . seed-like mass which 
presented a marked tendency to break away 
from the surrounding sclera and could have 
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been shelled out . . . composed of large 
masses of granular debris free from cellu- 
lar structure and contained large masses 
of hyaline. There were no calcium de- 
posits.”” This description is in striking con- 
trast to the illustrations which accompany 
the article and which show clearly baso- 
philic staining compatible with calcium and 
nothing which could be called hyaline. No 
special stains for calcium were done. 
Kyrieleis’ specimen, obtained by enuclea- 
tion for a choroidal melanoma, showed a 
calcific plaque and loss of cellularity in 
the adjacent sclera. Both this case and 
Culler’s case were said to show thinning 
of the sclera, but this impression was ap- 
parently based on examination of fixed 
specimens after paraffin-embedding rather 
than on fresh tissue. Pur’s specimen, ob- 
tained by biopsy, was described in a Czech 
journal not available to us, and no details 
of the pathologic findings are given in the 
abstracts which were available to us. 

Our study was prompted by findings 
contrary to the previous pathologic descrip- 
tions and more particularly by a fortuitous 
finding that the calcific plaque in one case 
was composed almost entirely of gypsum 
(calcium sulfate). Since this was the sole 
instance in which gypsum had been found 
in biologic tissue, it is important to estab- 
lish whether or not gypsum is found in 
other cases with the same diagnosis. 

For the present study observations were 
made on approximately 25 cases seen clin- 
ically and on 30 cases examined pathologi- 
cally. The majority of the latter were 
obtained post mortem through the facilities 
of the Boston Eye Bank. In three cases 
crystallography of the calcific plaques was 
undertaken in a manner similar to that 
which had been used in the demonstration 
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of the gypsum. In anticipation of the sub- 
sequent description and discussion, it may 
be said that all three gave patterns of 
apatite (calcium phosphate) and in only 
one was gypsum also present. 


Clinical Description 

The focal areas of sclera translucency 
are commonly present in persons in the 9th 
and 10th decades but are rarely found prior 
to the 7th decade. Although it has been 
claimed that they are significantly associ- 
ated with osteoarthritis’ (an intriguing 
suggestion, since they appear to be related 
to the insertion of the recti muscles), no 
controlled series has been presented which 
would prove or disprove this point. The 
one case associated with porphyria? ap- 
pears to have been unique. The alleged 
similarity to scleromalacia perforans is 
hard to accept on the evidence presented, 
and the resultant confusion has done much 
to retard the recognition of the entity as a 
process sui generis. 


The focal areas are usually manifest as 


slate-gray spots between the limbus and 
the tendinous insertions of the lateral and 
medial recti. A similar area is said to have 
been seen once anterior to the insertion of 
the inferior rectus,§ but in our cases they 


Fig. 1—Unusually marked area of _ scleral 
translucency situated just in front of the insertion 
of the lateral rectus muscle. Noteworthy is the 
white (calcific) plaque situated in the central por- 
tions of the translucent area. (The bright high- 
lights are reflections of the flashlight from the 
surface of the cornea and conjunctiva.) 
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were limited to the palpebral fissures in 
the vicinity of the horizontally acting mus- 
cles. They are generally very symmetric 
in the two eyes, but in one of our cases, 
which had hemorrhagic glaucoma, the scleral 
translucency was considerably more marked 
in the glaucomatous eye. 

The areas are sharply demarcated, form- 
ing in general a vertical ellipse, but vary 
greatly in size and extent. There is no 
characteristic abnormality of the vascular 
pattern or of the overlying conjunctiva. 
When the area is extensive it often con- 
tains a calcific plaque (Fig. 1) that can be 
visualized in a bone-free roentgenogram 
(Fig. 2). Even when extensive, these areas 
of scleral translucency do not ordinarily 
result in perforation, staphyloma, ulcera- 
tion, or other deformation of the eye. The 
frequent statement that the areas are thin 
is apparently inferred simply from the 
translucency. The narrow slit-lamp beam 
does not bear out any indentation of the 
sclera or provide other evidence of thin- 
ning. 


Pathology 


Most of the observations on the follow- 
ing 30 specimens of scleral translucency 
were made on tissue in which the translu- 
cent area had been excised along with a 
rim of adjacent sclera. The tissue was 
fixed in neutral formalin or in alcohol. It 
was then sectioned in the frozen state after 


Fig. 2—Bone-free roentgenograms showing the 
calcific plaque in the foregoing case. 
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gelatin-embedding and in the nonfrozen 
state after paraffin-embedding. Routine 
stains used were Sudan and hematoxylin, 
hematoxylin and eosin and von Kossa. Se- 
lected cases were stained with periodic 
acid-Schiff, cresyl violet, Van Gieson, 


Masson, Millon’s, and Baker’s acid hema- 


tein. Sections were also examined in the 
unstained state for thickness, birefringence, 
and fluorescence. 

In the gross, the sclera showed no thin- 
ning. The involved area was translucent, 
taking on the illumination of the back- 
ground (Fig. 3). When calcific plaques 
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Fig. 3.—Bloc of scleral 
tissue in which the 
area of translucency 
has been bisected and 
photographed against a 
black background. The 
conjunctival surface of 
the sclera is uppermost 
in the photograph. 


were present the involved area was char- 
acteristically brittle, and the plaque could 
be shelled out as, in Culler’s words, a 
“seed-like mass.” The plaque then had a 
glass-like appearance which contrasted with 
the mat opacity of the adjacent sclera. 
Sections of tissue which contained the cal- 
cific plaque showed considerable fragmen- 
tation and artifactual distortion of the 
tissue. 

Cross sections of fresh tissue in our 
cases showed a thickness of the sclera in 
the region of translucency that was either 
normal or slightly greater than normal 


Fig. 4.—-A, cross section in the region of scleral translucency showing the absence of cells 
in a decalcified specimen. Sections were cut in the frozen state and stained with hematoxylin. 
The dark area extending vertically represents the edge of the former calcific deposit (Oc. 10; 
obj. 16). B, cross section in a corresponding region of a normal sclera showing the usual 
cellularity of the sclera. The sectioning and staining of this specimen were the same as that 


of the preceding specimen (Oc. 10; obj. 16). 
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Fig. 5.—One end of a 
calcific plaque, stained 
with hematoxylin, show- 
ing the basophilia of the 
plaque and absence of 
cells in the adjacent 
sclera (Oc. 10; obj. 16). 


(Fig. 3). This is contrary to the clinical 
and pathologic reports of others that the 
sclera is abnormally thin in the involved 
area. 


The one constant pathologic abnormality 
present in all of our cases was a loss of 
cellularity in the region corresponding to 


the translucent area (Fig. 4). However, 
the sclera is normally a cell-poor tissue in 
the elderly, and this further reduction in 
cellularity might well pass unnoticed unless 
special attention were directed to the area 
which had shown the abnormal translucency 
beforehand. Despite this loss in cells, the 
collagenous fibers showed normal birefrin- 
gence and no hyalinization. This was true 
even in the cases which had been markedly 
calcified, provided that the tissue had been 
decalcified before cutting the sections. 


The staining of the collagenous fibers 
was normal except for some increased 
basophilia in those cases which had been 
calcified. No hyalinization was present in 
any of the involved areas. 

The second most characteristic feature 
in the pathology of focal senile scleral 
translucency was the plaques of calcifica- 
tion (Fig. 5). This is to be differentiated 
from the diffuse scattering of calcific gran- 
ules so common in the sclerae of elderly 
people (Krekeler®). The plaques were 
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present in less than half the cases studied, 
so they are not an essential part of the 
entity, but the more extensive the trans- 
lucent area the more likely was it to be 
calcified. Hence it would appear that calci- 
fication was a secondary, and probably late, 
sequela of the loss of cellularity. 

The calcific plaques consisted of deeply 
basophilic granules that induced a strong 
von Kossa reaction (Fig. 6) and only a 
weak birefringence. They were slightly 
fluorescent. The calcium dissolved in weak 
acid solution more readily than was the 
case with bone or calcified plaques in arte- 
riosclerotic vessels. The acidification with 
1 N hydrochloric acid was accompanied by 
only a slight effervescence of gas (in con- 
trast to arteriosclerotic plaques which 
showed considerable effervescence), whence 
carbonates must comprise a negligible por- 
tion of the anion. In decalcified specimens, 
the collagenous framework appeared nor- 
mal. 

In view of our previous finding that one 
of these plaques consisted almost entirely 
of gypsum (calcium sulphate),® we ob- 
tained crystallographic patterns on three 
additional cases which were morphologi- 
cally similar to the previous case. All three 
showed predominantly apatite (calcium 
phosphate), but one showed gypsum as 
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well, estimated at approximately 10%.* To 
be sure, the initial case differed from the 
other three in having been from a glauco- 
matous eye obtained at surgery, while the 
others were from normal eyes obtained at 
autopsy, but this difference could scarcely 
account for it. We have checked with the 
crystallographic laboratory and been as- 
sured that there could have been no mix-up 
of specimens. Nor was the eye exposed 
during fixation to solutions containing ap- 
preciable amounts of sulphate. The dis- 
crepancy between the first and subsequent 
specimens seems mysterious but genuine. 

Fat stains, done for the first time in 
cases of focal scleral translucency, showed 
nothing selectively abnormal for the in- 
volved area. A widespread sudanophilia 
was present in practically all the specimens, 
as is usual for advanced age, but this was 
no more conspicuous in the translucent 
zone than elsewhere. Nor was there evi- 
dence that it was more marked in those 
cases with calcification than in those with- 
out calcification. 

Conventional polysaccharide stains 
showed no abnormality. The periodic acid- 
Schiff reaction was the same as that in the 


*For the crystallography and interpretation we 
are indebted to Prof. Cornelius Hurlbut, Depart- 
ment of Mineralogy, Harvard University. 
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Fig. 6.—Calcified 
plaque, stained by the von 
Kossa method, in the 
center of an area of 
scleral translucency (Oc. 
10; obj. 25). 


rest of the sclera, and cresyl violet induced 
no metachromasia. 


Comment 


Focal areas of translucency in the sclera 
are so common as to be considered a nor- 
mal occurrence in the elderly. Their patho- 
genesis is obscure. There is no direct 
evidence to support the suggestion that they 
are due to arteriosclerosis except that both 
are apt to be correlative functions of age. 
Arteriosclerosis in the young, as occurs in 
association with hypercholesteremia, is not 
associated with changes in the sclera. The 
constant localization of the translucent area 
in front of the insertions of the medial and 
lateral recti has logically given rise to a 
mechanistic thesis, but crucial evidence for 
or against such a possibility has not been 
presented. Such evidence might be the de- 
velopment, or failure in development, of 
the scleral translucent zones in eyes with 
life-long palsies of one lateral rectus muscle 
where the mechanical forces would be ex- 
pected to be different in the two eyes. 

A further suggestion was offered by 
Fischer and later by Gasteiger,“’ in view 
of what they considered to be an analogous 
condition occurring in animals’ eyes ex- 
posed to air or to hypertonic solutions, to 
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the effect that evaporation resulted in a 
deturgescence and focal transparency of 
the sclera. This, however, was a transient 
occurrence and differed from the stationary 
condition in human beings wherein it makes 
little difference whether the eyes are ex- 
posed to air or covered by the lids. Nor 
have we affected the native area of trans- 
lucency by soaking the enucleated eyes or 
excised pieces of sclera in saline solution 
for several hours. 

Whatever their pathogenesis, the scleral 
translucent zones are characterized histo- 
logically by early loss of cellularity and 
later by calcification. The concept of hya- 
linization, which has grown in stature by 
repetition, was not borne out by the present 
studies. The translucent zones showed 
normal fibrillary structure of the collag- 
enous fibers clearly unlike true hyaliniza- 
tion, such as occurs typically with radiation 
or sequestration. 

Calcific plaques are common late occur- 
rences in the zones of scleral translucency. 
The surprising finding in one case that 
they consisted of gypsum was not borne 
out in three other cases, where the calcium 
salt was found to be chiefly apatite. 

These plaques occurring with focal areas 
of scleral translucency are identical with 
those described by others (Pagenstecher,!? 
Katz,* Lewi,™ Klien-Moncrieff,™ and 
Friedenwald et al.4®), where scleral trans- 
lucency was not noted to have been present 
or absent. However, in all these cases the 
calcific plaque overlay the pars plana of the 
ciliary body, and in several instances it 


Fig. 7—Anterior seg- 
ment of an eye removed 
because of painful glau- 
coma, showing discrete 
foci of calcification in 
front of the insertions of 
both the medial and 
lateral rectus muscles. It 
is suggested that this 
finding in routine eyes 
probably corresponds to 
areas of focal scleral 
translucency. in- 
dentation of the cornea 
and lens is a_ fixation 
artifact.) 
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was noted to have been just anterior tu 
the insertion of the horizontal rectus mus- 
cles (as in the case with plaques in zones 
of scleral translucency). Similarly seven 
cases in our pathologic collection that were 
cross referenced as “calcific plaques” were 
reviewed. These were cases of eyes re- 
moved for glaucoma or other ocular dis- 
ease in which the scleral translucent zones 
were not noted to have been present or 
absent. All but one of these showed the 
calcific plaques situated just in front of the 
horizontal rectus insertions, and in several 
of these it was continuous with the ten- 
dons. In one specimen the plaques were 
present on both the nasal and temporal 
sizes (Fig. 7). The plaques were identical 
with what others have described as calcific 
plaques in pathologic specimens and what 
we have described in association with focal 
senile translucency of the sclera. The one 
of the seven which was an exception was 
from an eye in which the plaque was situ- 
ated behind the equator on the nasal side, 
not associated with any of the’ extraocular 
muscles. The patient also differed from the 
others in that he was not elderly and, what 
may be most significant, he had a sarcoid- 
induced hypercalcemia and metastatic calci- 
fication elsewhere. 

Thus it would appear that the cases rec- 
ognized as calcific plaques in the sclera are 
usually identical to those which occur with 
focal senile translucency of the sclera. It 
is entirely possible that the translucent 
areas were so insignificant clinically as to 
have escaped notation in the protocols. 
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Conclusions 


1. Focal senile translucency of the sclera 
is a common occurrence in the elderly and 
is not known to have clinical significance. 
The involved areas are almost invariably 
in front of the tendinous insertion of the 
medial and lateral recti. 


2. 


Initially the translucent areas show 


loss of cellularity and later calcific plaques. 
Contrary to previous reports, we did not 
find hyalinization. The calcific plaques are 
identical with calcific plaques heretofore 
noted as incidental pathologic findings in 
routine eyes. 


3. Although the calcific plaque in one 
case was found to be gypsum (calcium sul- 
fate), crystallography in three subsequent 
cases showed the plaques to be composed 
mainly of apatite (calcium phosphate) 
although gypsum was also present to a 
small extent in one of these three cases. 

243 Charles St. (14). 
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Both Eyles? and Summers,? working in- 
dependently, discovered that pyrimethamine 
(Daraprim) cured acute experimental toxo- 
plasmosis in mice. A subsequent study of 
the action of pyrimethamine and_ sulfa- 
diazine * revealed that in mice infected with 
moderate inocula of RH-strain organisms 
(less than 20,000 parasites) the drugs acted 
synergistically and were toxoplasmicidal, 
when given early enough in the course of 
infection. When larger inocula were used, 
however, the same combination of pyri- 
methamine and sulfadiazine, at the highest 
doses tolerated, did not kill all the parasites, 
although the mice survived. Similarly, Cook 
and Jacobs* noted that, while pyrimetha- 
mine was generally toxoplasmicidal at a 
concentration of 0.3 mg. % when tested 
against RH-strain organisms in monkey- 
kidney tissue cultures, occasionally some 
organisms remained alive. They reported 
also that nonproliferating parasites, sus- 
pended in tissue culture medium without 
cells, were apparently unaffected by the 
drug. Cook then developed a strain of RH 
toxoplasmas resistant to pyrimethamine in 
vitro but not, apparently, in vivo.5 No defin- 
itive information was obtained elucidating 
the mechanism of resistance, but she postu- 
lated that dormant organisms might be 
present in the cultures and be resistant to 
the drug. 


Submitted for publication April 10, 1959. 
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Relative Resistance of Slow-Growing Strains of 
Toxoplasma Gondii to Pyrimethamine (Daraprim) 


HERBERT E. KAUFMAN, M.D., Boston; JACK REMINGTON, M.D.; MARJORIE L. MELTON, B.A., and 


Kaufman, Remington, and Jacobs ® found 
that, although there was some variation 
in the apparent rate of multiplication within 
each strain, the mean rate of multiplication 
of the virulent RH strain of toxoplasmas 
in tissue culture was 2.5 times that of the 
relatively avirulent 113-CE strain. Since it 
is possible that drug sensitivity is related 
to the metabolic rate of the parasites, it 
was of interest to determine the relative 
resistance of the RH and 113-CE strains 
to the toxoplasmicidal effects of pyrimetha- 
mine in tissue cultures. 


Methods 

Toxoplasmas of both the RH and 113- 
CE strains were maintained in chick em- 
bryos, harvested from ground chick 
chorioallantoic membranes, and counted in 
a Neubauer-Levy counting chamber. The 
suspension of organisms was appropriately 
diluted with lactalbumin hydrolysate med- 
ium, and 200,000 organisms in 1 ml. of 
medium were inoculated into each of a series 
of monkey-kidney monolayer tissue cul- 
tures.*7 In some experiments the RH and 
113-CE were tested in parallel sets of tubes 
at the same time. In other experiments the 
strains were tested separately; here, as 
above, the drug solutions used were identi- 
cal. The culture tubes were washed out 
with fresh medium after three hours of 
exposure to the parasite~. Fresh lactalbumin 
hydrolysate medium, containing an appropri- 
ate concentration of pyrimethamine, was 
then added. The tubes were replaced in 
stationary racks and reincubated for five to 
seven days. 

Lysis of the tissue cultures did not occur 
in the tubes containing drug. In order to 
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Taste 1.—Results of Inoculation * 


113-CE Strain RH Strain 
Exposure to 
Experiment Pyrimethamine Pyrimethamine, No. Mice Killed No. Mice Killed 

No Conc., Mg. % Days by Toxoplasmas No. Mice Alive by Toxoplasmas No. Mice Alive 

Control 5 2 3 5 0 

I 0.1 5 3 2 1 4 

0.5 5 3 2 0 5 

10 5 5 0 0 5 

Control 5 oe ie 5 0 

0.3 5 eo 0 5 

Il 0.5 5 eo ae 0 5 

10 5 és em 4 

5.0 5 a oo 0 10 

Control 5 2 5 0 

0.3 5 3 2 0 10 

In 0.5 5 1 5 0 5 

0.5 7 5 0 0 5 

Control 5 os ae 5 0 

IV 0.1 5 4 2 4 2 

0.3 5 0 10 

Vv Control 5 0 1 0 

5.0 5 1t 10 1t 10 

Control 5 0 2 ee ad 

IV 0.3 5 2 2 

0.5 5 2 3 


* Into mice, suspensions of monkey kidney epithelium tissue cultures infected with strain 113-CE or RH of Toxoplasma gondii 
and incubated in the presence of pyrimethamine at various concentrations for five to seven days. 


t Toxoplasmas were not demonstrated in the dead mice. 


determine whether organisms remained alive 
after exposure to drugs, the cultures were 
scraped off the tubes with a rubber police- 
man, and both the cells and media were 
inoculated intraperitoneally into N. I. H. 
general-purpose mice. Mice were kept six 
weeks after inoculation, and all mice that 
died were examined for the presence of 
toxoplasmas. In all but a few cases, which 
are indicated in the Tables below, the infec- 
tion was confirmed by microscopic examina- 


tion of peritoneal fluid and/or impression 
smears of brain and spleen. 


Results 


Table 1 presents the results of individual 
experiments, and Table 2 presents a sum- 
mary of comparable data. It is apparent 
from these Tables that when control, non- 
treated, infected cultures were inoculated 
into mice, the cultures infected with the 113- 
CE strain killed only 64% of the inocu- 


TABLE 2.—Summary of Results * 


113-CE RH 
Mice Dead Mice Dead 
Pyrimethamine (Parasites (Parasites 
Cone., Mg. % Mice Alive Alive) Total 113 Mice Alive Alive) Total RH Probability 
Control 4 7 u 0 28 28 
0.1 4 7 ll 6 ll 
0.3 4 5 9 25 0 25 P<0.001 
0.5 5 16 15 0 P<0.001 
1.0 0 5 5 15 1 16 P<0.001 
5.0 10 0 10 29 1 30 


* At concentrations from 0.1 to 1.0 mg. % significantly more mice survived when inoculated from treated RH-infected cultures, 
indicating that pyrimethamine more consistently killed these rapidly growing organisms. 
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lated mice. This is in contrast to the 
cultures infected with the RH strain, which 
killed 100% of the inoculated mice. These 
data agree with previous reports on these 
strains ®* and confirm that viable organisms 
of the rapidly dividing RH strain are uni- 
formly lethal for mice but those of the 
slow-growing 113-CE strain are not. 

Despite the fact that the 113-CE organ- 
isms do not regularly cause the death of 
infected mice, the data indicate that when 
strain 113-CE is exposed to pyrimethamine 
in concentrations that kill the rapidly grow- 
ing organisms of the RH strain, some 
113-CE organisms survive. Suspensions 
prepared from cultures infected with 
113-CE organisms killed significantly more 
mice than those from cultures infected with 
the rapidly growing RH organisms after 
both sets of cultures had been exposed to 
drug concentrations between 0.1-0.5 mg. % 
for five to seven days. Concentrations of 
0.1 mg. % do not reliably kill either strain, 
and concentrations of 5 mg. % kill both 
strains. 

It may be noted that for strain 113-CE 
the data show less deaths among mice 
inoculated from the controls than from the 
cultures treated with drug dosages of 0.1- 
0.5 mg. %. This is believed to be due to 
the variability of results usually obtained 
with this strain.® 


Comment 


Substances that act as metabolic antago- 
nists are used clinically to kill both bacteria 
and malignant cells but are more effective 
when the organisms or cells are dividing 
rapidly.® Since pyrimethamine acts as a 
metabolic antagonist competing in the folic 
acid pathways involved in nucleic acid 
synthesis,’® it is not surprising that slowly 
multiplying toxoplasmas are more resistant 
to the drug. If this increased resistance to 
the drug of the slowly multiplying organisms 
were slight, it might be masked by the lower 
invasiveness of the 113-CE strain (with 
equal inocula, only one-fifth as many 113-CE 
as RH organisms appear to penetrate into 
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the cells, so that initially there is only one- 
fifth the intracellular inoculum of 113-CE 
compared to RH) and by the lesser ability 
of viable 113-CE organisms to kill mice. 
The difference in susceptibility of the strains 
to the effects of pyrimethamine is so strik- 
ing, however, that, despite factors tending 
to mask this difference, the greater resistance 
of the slowly growing organisms is apparent 
even when no statistical corrections for the 
initial strain differences are applied. 

Toxoplasmas that are relatively avirulent 
for mice have been isolated from human 
cases of toxoplasmosis, and previous work 
suggests that such avirulent organisms 
multiply slowly.6 Armstrong and MacMur- 
ray found that an organism isolated from 
an excised human axillary gland initially 
required 84 days to produce death in mice." 
Beverley points out that “toxoplasmas from 
man often prove of low virulence for, and 
fail to produce obvious illness in, laboratory 
animals ; yet toxoplasma cysts may be found 
in their brains a month or more after 
inoculation.” !*_ Siim, in describing his iso- 
lations of toxoplasmas from human cases, 
states, “the infection only rarely kills the 
animals, but most often runs a subclinical 
course.” He finds it necessary to do dye 
tests on the mice and multiple subinocula- 
tions in order to demonstrate the parasite." 
Fair and Hogan mention that congenital 
cases of toxoplasmosis can be dormant and 
have recurrences late in life, and Hogan 
suggests that “some cases of inapparent 
congenital (ocular) toxoplasmosis with late 
exacerbations of the disease are caused by 
toxoplasma strains of low virulence,” as in 
the case from which he recently isolated an 
organism. It seems possible, therefore, that 
slow-growing organisms are most commonly 
responsible for human toxoplasmosis, and 
many of these strains appear less virulent 
than the 113-CE strain. 

Previous studies indicate that a concen- 
tration of 0.3 mg. % of pyrimethamine is 
safely attainable in the serum of patients 
treated with the drug.’® In vitro a concen- 
tration of 0.1 mg. % did not regularly kill 
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the organisms of either strain, and only in 
a concentration of 5.0 mg. % were both 
strains killed. If the in vitro and in vivo 
effective concentrations were strictly com- 
parable, the maximum concentration ob- 
tainable in the serum, and presumably in 
the retina, would be near the minimal 
toxoplasmicidal concentration. Extreme cau- 
tion is necessary in interpreting the meaning 
of these in vitro experiments, however. 
Cook demonstrated that a_ strain of 
toxoplasma could be developed which was 
resistant to pyrimethamine in vitro, though 
not apparently in vivo.” Though the con- 
centration of pyrimethamine reached in vivo 
was not determined, this suggests that in 
vivo and in vitro conditions may not be 
comparable. In addition, when pyrimetha- 
mine and sulfonamides are used together, 
the synergistic activity would be expected to 
increase the efficacy of the pyrimethamine. 
This synergism combined with more pro- 
longed therapy may add to the toxoplasmici- 
dal activity of pyrimethamine as used in 
man. On the other hand, human toxoplasmo- 
sis can be caused by organisms which 
multiply much less rapidly than the 113-CE 
strain and may be even more resistant to 
therapy than the strains studied. It is un- 
fortunate that the relationship of these var- 
iables to therapy cannot be better defined 
at present. 

Although other mechanisms of drug: re- 
sistance may exist in cases in which clinical 
toxoplasmosis appears resistant to pyri- 
methamine therapy, the possibility that this 
resistance is related to infection by very 
slowly multiplying parasites must be con- 
sidered. The uncertainty of our knowledge 
of the necessary therapeutic dose of these 
medications suggests that the largest dosage 
consistent with acceptable levels of toxicity 
should be administered. 


Summary 


Slowly multiplying 113-CE strain toxo- 
plasmas are more resistant to the toxoplas- 
micidal effects of pyrimethamine (Daraprim) 
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in tissue culture than organisms of the 
rapidly multiplying RH strain. 

The therapy of human toxoplasmosis is 
discussed in relation to these findings. The 
concentration of pyrimethamine that can be 
safely reached in the serum of man is not 
greater than the minimum concentration 
required regularly to kill organisms of both 
strains under the in vitro conditions studied. 
Many considerations suggest that the effec- 
tive in vivo and in vitro concentrations may 
not be directly comparable. 

Massachusetts Eye and Ear Infirmary, Charles 
St. (14). 
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Traumatic Luxation of Lens 


A Case Report 


ROGER H. LEHMAN, M.D., and ERWIN E. GROSSMANN, M.D., Milwaukee 


Rupture of the sclera with luxation of 
the intact lens to the outside of the globe 


is a rare occurrence. There are very few. 


cases reported in literature, and these are 
all quoted from the literature of many 
decades ago. Surpassing the interesting 
aspects of this case is the lesson in conserva- 
tion that is gained and the excellent results 
with use of ultraviolet-light photography. 


Report of Case 


A 63-year-old patient was first seen in 
the hospital in 1947. There was a past 
history of recurrent eye disease since 1940. 
A diagnosis of bilateral anterior uveitis had 
been made. For the next 10 years he had 
been treated for periodic exacerbations of 
the disease in each eye. The vision in the 
left eye was light perception only, but the 
right eye was maintained at 20/50. The 
intraocular pressure was only 10 (Schiotz) 
in each eye. The last treatments for the 
uveitis were given in 1955. On April 25, 
1957, he received a severe blow to the right 
eye. The patient did not know whether he 
was struck by the fist or by a hard object 
held in the hand of his assailant. He was 
seen at the hospital within an hour. Ex- 
amination revealed the visual acuity to be 
practically nil in each eye. There was light 
perception but faulty projection in the right 
eye. There was marked edema and ec- 
chymosis of the right upper and lower lids. 
A subconjunctival hemorrhage occupied the 
entire globe. The eye was hypotonous. The 
cornea was elongated and flattened in the 
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horizontal meridian. The picture was that of 
a ruptured globe. 

Slit-lamp examination revealed a marked 
striate keratitis, absent anterior chamber, 
hyphema, and a distortion of the pupil which 
was displaced up and nasally. No red reflex 
of the fundus could be seen. A diagnosis of 
rupture of the globe and intraocular hemor- 
rhage was made. However, conservative 
treatment was decided upon because his 
other eye was already blind. Treatment 
consisted of bed rest, systemic and topical 
antibiotics (chloromycetin parenterally and 
Neo-Delta-Cortef [a preparation containing 
hydrocortisone and neomycin sulfate] drops 
locally). Within five days the lid and con- 
junctival edema diminished, and for the 
first time an extruded lens was suspected 
to lie beneath the conjunctiva in the upper 
nasal quadrant. The presence of the lens 
was confirmed by examination under ultra- 
violet light. No attempt was made to remove 
the extruded lens, because it seemed possible 
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TRAUMATIC LUXATION 


that the lens may have been acting as a plug 
over the suspected rupture wound in the 
sclera. After six weeks the hyphema and 
vitreous hemorrhage cleared. The lens in- 
creased in size and was now a dirty yellow 
color (Fig. 1). 

A refraction was done four months after 
injury. The resultant visual acuity was 
20/50, with use of +6.25 +12.00 axis 120. 


Comment 

Rupture of the sclera with luxation of 
the intact lens to the outside of the globe is 
a rare occurrence. Wiirdemann! states, 
“rupture of the sclera usually occurs within 
3 mm. of the corneo-scleral border. Direct 
rupture is less frequent than indirect rup- 
ture, the latter resulting from the globe being 
drawn against the walls of the orbit being 
suddenly put under increased tension. Most 
ruptures occur in the upper inner part of 
the globe when the eye is forced against 
the trochlea from below and outward. This 
rupture is in the so-called meridian of ex- 
pansion when the tough inner scleral fibers 
are transformed into the delicate lamellae 
of the ligamentum pectinatum. This area is 
about 2.5 mm. behind and concentric to the 
limbus. The rupture varies from 3 to 12 mm. 
At either end the rupture usually does not 
go through on the lamellae.” In most cases 
the eye goes on to destruction, although in 
Wiirdemann’s case satisfactory vision re- 
sulted. 

Berliner? states: “When a force is ap- 
plied to the globe, according to hydrodynamic 
laws, the contents of the eyeball being con- 
sidered as fluid, the effect of the force is 
transferred not only in the direction of 
‘the blow but with equal intensity in all 
directions.’ Therefore, internal pressure de- 
velops which acts from the center periph- 
erally so that the intraocular contents are 
hurled against the wall... .” 

Duke-Elder* states: “In the complete 
traumatic luxation, the lens may follow dif- 
ferent routes—into the anterior chamber, 
vitreous, subsclerae region, or outside of the 
eye if the globe is ruptured so that it lies 
impacted in the rupture itself, comes to rest 
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in the subconjunctival or Tenon’s space or 
is extruded altogether. 

“Once the explosive force generated in- 
side the globe by the contusion has burst its 
envelope, the zonule is completely torn and 
the solid and relatively heavy lens is readily 
extruded almost invariably in its capsule 
(12 out of 13 cases, Mitvalsfy 1897). The 
actual rupture site may be at the corneo- 
scleral margin or further back over the 
ciliary body or at the equator. A lens lying 
subconjunctivally is usually absorbed, its 
site eventually being marked by calcareous 
deposits but particularly if the capsule is 
intact, it may remain practically unaltered 
almost indefinitely (15 years, Vieusse; 
18 years, Collins). The extraocular disloca- 
tions usually occur in the upper quadrant 
somewhat to the nasal side (85% of cases, 
Souillard, 1910).” 

This case apparently follows the line of 
reasoning of these authors in that the 
rupture occurred in the upper nasal area, 
concentric with the limbus and about 2.5 
to 3 mm, behind. Of greater significance, 
of course, is the success obtained by the 
conservative measures that were employed. 
A mutilated eye, such as this, might easily 
arouse the temptation for enucleation, as 
it actually did to one of our residents. It 
points out dramatically the fallacy of early 
surgery in supposedly hopeless eyes. 
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The extruded lens was spontaneously 
absorbed in a period of four months 
(Fig. 2). Since the extrusion of the lens 
(a period of one year), the patient has had 
no recurrence of his iritis. However, we 


do not recommend this as a_ therapeutic 
measure. Both photographs were taken by 
ultraviolet light. 


Veterans Administration Center, Wood. 
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Use of Gas Sterilization for Ophthalmic Surgery 


JAY G. LINN Jr., M.D., Pittsburgh 


In any type of surgery, the ideal method 
of sterilization should be one that safely 
permits the sterilization of all instruments, 
sutures, and drapes as well as plastic and 
rubber materials together in the same ster- 
ilizer. Rusting, corrosion, charring, or de- 
teriorization in any form must not occur 
even after repeated sterilization. Gas ster- 
ilization with ethylene oxide gas is the only 
method available today that meets all of 
these requirements. A small portable ster- 
ilizer using ethylene oxide gas which is 
ideal for ophthalmic surgery has been used 
in these studies.* 


Ethylene Oxide Gas 


Pure ethylene oxide is both toxic and ex- 
plosive. The explosive hazard was first 
eliminated by Phillips and Kaye? by mix- 
ing the ethylene oxide with carbon dioxide. 
In the commercial sterilizer used in our 
studies ethylene oxide has been combined 
with an inerting agent composed of hydro- 
genated carbons, and this mixture has been 
packaged in small containers (Steribulbs) 
prepared exclusively for use in this ster- 
ilizer. This combination may be considered 
completely safe and absolutely stable. 

In order to eliminate the danger of toxic- 
ity, the sterilizer has been constructed so 
that the ethylene oxide gas is compietely 
removed from the chamber by adsorption 
before the sterilizer is opened. The gas is 
replaced by sterile fresh air drawn into the 
sterilizer by a pumping action. 

The germicidal action of ethylene oxide 
gas has been proven by many experimental 
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studies. Kaye and Phillips ** have not only 
demonstrated the effective killing of a vari- 
ety of bacteria by ethylene oxide but also 
have determined the optimum temperature 
and humidity for bacteriocidal action. No 
difficulty has been encountered even with 
the more resistant encapsulated organisms.® 
Numerous studies have been made to dem- 
onstrate the effect of the gas on a wide 
variety of viruses.** All studies have sup- 
ported the conclusion that ethylene oxide 
sterilization is equal or superior to other 
conventional methods in common use. 


Ethylene oxide has numerous advantages 
over the other methods of sterilization, All 
instruments and materials may be sterilized 
together absolutely without alteration. Plas- 
tic and rubber materials have been sterilized 
an indefinite number of times without show- 
ing any perceptible effects. Sharp knives 
and scissors will never rust or become pitted 
regardless of the metal used for the blade 
or handle. Although we now have chemical 
solutions satisfactory for sharp instruments, 
they still must be rinsed in water before 
use, and rusting can occur before actual use 
at the operating table, if not dried imme- 
diately by the nurse or surgical assistant. 
I have even seen a corneal burn from a 
trephine that was not thoroughly rinsed be- 
fore use. All of these problems are absent 
in gas sterilization with ethylene oxide. 

Gas sterilization with ethylene oxide has 
many uses in hospitals other than for the 
surgical instruments, In the operating 
room, one of the most valuable nonsurgical 
uses has been reported by Engley® in the 
absolute sterilization of clinical thermom- 
eters. The transfer of infection from one 
patient to another in hospitals making use of 
conventional alcohol immersion of thermom- 
eters is apparently commoner than formerly 
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appreciated. A practical method has been 
devised to use ethylene oxide to sterilize 
sheets, blankets, books, and practically any 
object contaminated by a patient with an 
infectious disease." The decontamination 
of objects made and handled by tuberculous 
patients has been very successful.> A large 
ethylene oxide sterilizer for general hos- 
pital use has been described,'' and others 
are being designed. 


The Ben Venue Sterilizer 


This sterilizer is a lightweight, small, cy- 
lindrical chamber measuring approximately 
7.5X 23 cm., with a sleeve-type cover. There 
is a device for puncturing the small cyl- 
inders which contain the gas mixture ( Steri- 
bulbs). The Steribulbs contain a mixture 
of ethylene oxide and hydrogenated car- 
bons which, for this purpose, is superior to 
the ethylene oxide-carbon dioxide mixture 
used by others. After puncture of the 
Steribulb, the gas mixture is admitted to 
the chamber of the sterilizer. The manu- 
facturer has determined that this results in 
10 gm. of ethylene oxide per liter of space 
in the chamber. Sterilization has been 
found to be complete even for spores and 
very resistant organisms after two hours.*:? 
This time period is shorter than necessary 
for some of the larger sterilizers which do 
not have as good a concentration of the gas. 

The ethylene oxide is removed from the 

chamber of the sterilizer by a unique pump- 
ing action. This causes the contents of the 
chamber to pass through a carbon adsorbent 
which removes the ethylene oxide, and this 
is replaced by fresh air filtered through a 
fine wire mesh and Fiberglass paper. As a 
result, the sterilizer can be opened without 
releasing any of the gas into the air of the 
room. If the directions are followed, there 
is absolutely no danger to the personnel 
handling the instruments. 
" The volume of the sterilizer may be in- 
creased by means of an extension tube. 
This has not been found to be necessary 
for most of the ophthalmic operations. 
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The size of the sterilizer is such that 
two of them can be transported in a brief 
case. Most of the parts are aluminum, so 
that it is light:in weight. This makes the 
transportation of the sterilizer complete 
with instruments no problem, and one may 
easily take one or more entire surgical set- 
ups from one hospital to another or from 
the office to the hospital. 


The Use in Ophthalmic Surgery 


The use of ethylene oxide for the sterili- 
zation of instruments for ophthalmic sur- 
gery has been thoroughly evaluated by 
Skeehan and his co-workers.'* In this origi- 
nal study, a steam autoclave was modified 
to handle the gas. They proved that 
ethylene oxide gas was practical and effec- 
tive for sterilization, but the many addi- 
tional advantages of a_ small portable 
sterilizer could not be appreciated. Skee- 
han '* has subsequently reported on use of 
the portable sterilizer used in this study. 

Any ophthalmic surgeon who operates in 
a general hospital has had emphasized the 
fact that ours is a minor surgical specialty. 
The time available for operation is usually 
after other surgery is completed. The 
nurses or other help assigned to prepare 
the setup and sterilize the instruments are 
usually the new, inexperienced nurses, stu- 
dents, or part-time help. It is difficult to 
orient the auxiliary personnel in the operat- 
ing room because different ones are as- 
signed at frequent intervals, and one no 
sooner gets them trained than they are no 
longer available. As a result, on occasion 
ophthalmic instruments may be ruined even 
before being used. 

Although the situation is much better in 
specialized hospitals where eye surgery is 
common, a similar situation exists for emer- 
gency surgery, such as glaucoma surgery 
or keratoplasty. Invariably, a new nurse or 
part-time technician is assigned to prepare 
your instruments who is unfamiliar with 
them. Although a complete list of the in- 
struments necessary may be available in a 
book at the operating room, they can not 
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Fig. 1—Set-up for cataract operation. 


identify or recognize the instruments named 
on the list. The surgeon, as a result, may 
appear at the operating room and find that 
he has few of the instruments necessary to 
do the job well. He must either proceed 
with the instruments sterilized or delay sur- 
gery until the correct instruments are ster- 
ilized. 

With the use of a small portable sterilizer, 
the personnel at the hospital are no longer 
a problem, The instruments may be selected 
and sterilized at your office ahead of time 
and transported in the sterilizer to the hos- 
pital ready for use. At the completion of 
the operation, the surgeon or his assistant 
may clean the instruments and put them 
back in the sterilizer ready for the next 
operation. 

All of the instruments used by me for a 
cataract operation are illustrated in Figure 
1. Included in this group are the routine 
instruments in all setups that may be ster- 
ilized by any method. Rubber goods include 
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the bulb for the anterior chamber irrigator 
and the Esposito erisophake. Plastic mate- 
rial is used in part of the Hildreth coagu- 
lator. The sharp instruments, such as 
cataract knives and scissors, are included. 
One of the sutures illustrated is a 0000 
black nonabsorbable surgical (silk) suture 
for the superior rectus bridle suture which 
has been wrapped around a small piece of 
gauze and clamped in a hemostat. The 
other suture is a 000000 black silk on a 
small Grieshaber needle for corneoscleral 
sutures. This suture is clamped in the 
Serafine forceps and is contained in the 
jaws of the Serafine in the illustration. 
More perfect sterilization is insured if the 
suture is not in the jaws of the Serafine, 
as the gas would then have better access to 
the suture material. These are all the in- 
struments required by me for most cataract 
operations. Additional instruments can be 
added to this setup without overloading the 
sterilizer. 
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Fig. 2.— The cataract 
instruments placed in the 
cloth wrap. 


_ Fig. 3—The protection of delicate instruments with rubber tubing. Adjacent to each 
instrument in the illustration is the same or similar instrument with the rubber tubing attached. 
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serted in the sterilizer. This is placed in the base 
of the sterilizer on the left, and the top, or outer, 
cylinder of the sterilizer is put in place before 
puncturing the Steribulb. 


A cloth wrap, with pockets to carry these 
instruments, was designed and made by the 
staff of Central Supply of the Eye and Ear 
Hospital.t The instruments for a cataract 
operation may be seen as they are arranged 
in the wrap in Figure 2. All sharp instru- 
ments are tested before insertion in the 
wrap for sterilization. Sharp instruments 
and those with particularly delicate points 
may be protected by covering the ends with 
ordinary rubber tubing. An example of the 
various instruments used in cataract and 
other eye operations which require rubber 
tubing for protection is shown in Figure 3. 
As can be seen, delicate instruments, such 

+ The success of this system of sterilization is 
largely the result of the careful preparation of 


these wraps by Mrs. Selma Porter and her staff 
at Central Supply. 


as iris forceps, St. Martin forceps, and 
Holth or Berens punches, may be protected 
in this way. The sharp points of the iris 
scissors, whether curved or straight, Beaver 
knives in the Beaver handle, and Westcott 
scissors are also protected adequately from 
damage by the rubber tubing when rolled in 
the cloth instrument wrap. The usual knife 
holder for a cataract knife or keratome, as 
in Figure 1, is ample to protect them. Care 
must be taken in rolling the wrap and in- 
serting it in the sterilizer because, in spite 
of the various protective measures described, 
one could still damage some of the instru- 
ments with rough handling. The danger is 
minimized if this is done by yourself or 
your trained office assistant instead of hos- 
pital personnel. In Figure 4 is shown the 
cloth wrap containing the cataract setup 
rolled and ready to be inserted in the ster- 
ilizer. 

In our office we have three sterilizers 
filled with instruments prepared for im- 
mediate sterilization at all times (Fig. 5). 
One sterilizer contains sufficient instruments 
for any glaucoma procedure that we might 
decide to perform, such as an iridectomy, 
iridencleisis, or corneosclerectomy. A sec- 
ond sterilizer contains all the instruments 
necessary for a keratoplasty, with the ex- 
ception of the trephines which can be se- 
lected immediately before sterilization to 
suit the individual procedure to be per- 
formed on that patient. The third sterilizer 
contains all the instruments necessary for 
a cataract operation. 


Fig. 5.— Three steri- 
lizers containing complete 
instrument set-ups. Note 
the Steribulb adjacent’ to 
the middle sterilizer. : 


the Fig. 4—The cloth wrap containing the cataract ae 
re instruments is shown rolled up and ready to be in- Renate 
| 
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In the illustration (Fig. 5), the two end 
sterilizers are shown with the knob in the 
down position to which it is pushed in order 
to puncture the Steribulb. It should not be 
held in this position but should be imme- 
diately pushed back to the vertical position 
as shown in the middle sterilizer. When it 
is returned to this position, the escape of the 
gas mixture is confirmed in two ways: the 
connection of the Steribulb-piercing assem- 
bly to the main sterilizer chamber becomes 
cold ; at the same time, the outer tube of the 
sterilizer momentarily rises an inch or so 
on the inner tube, as if it were going to be 
blown off, only to return to the original 
down position in a matter of a few seconds. 
This movement is positive evidence of a 
free release of the gas into the chamber, 
and for this reason it is recommended that 
one should not touch the outer tube when 
piercing the Steribulb but hold the sterilizer 
steady at the base. 

Gas sterilization with this portable ster- 
ilizer has been used for 132 cases of intra- 
ocular surgery without a single instance of 
postoperative infection. Ninety-nine cases 
were cataract extractions; seventeen cases 
were keratoplasties, and sixteen cases were 
glaucoma procedures. Bacteriological stud- 
ies on the contents of the instruments con- 
tained in the sterilizer were performed on 
several occasions without isolation of any 
organism. Extensive bacteriological studies 
were not made because the effectiveness of 
ethylene oxide and the efficiency of the ster- 
ilizer had been already established by thor- 
ough studies by other investigators. 


Other Uses 

Engley * has found the Ben Venue Ster- 
ilizer to be ideal for the sterilization of 
clinical thermometers in the hospital. A roll 
of disposable paper containing individual 
pockets for each thermometer with a per- 
forated area between pockets can be ob- 
tained so an individual thermometer can be 
removed with its surrounding paper. This 
represents, without doubt, the safest and 
most thorough sterilization of clinical ther- 
mometers. 
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We have found the same paper rolls that 
are used for thermometers to be excellent 
for the sterilization of allergy syringes used 
in performing skin tests in uveitis studies. 
Each syringe so packaged can always be 
used for the same antigen and is easily 
marked for that purpose. There is no dan- 
ger of antigens being mixed. 


Comment 


The closest to an ideal sterilizer for an 
individual ophthalmic operation is repre- 
sented by the portable sterilizer used in this 
study. Certain precautions must be ob- 
served for this sterilizer to be effective. 
The instruments should be arranged so that 
the gas vapor has free access to all surfaces. 
Plastic wraps can not be used, but only 
gauze or cloth that is penetrated freely by 
the gas is advisable. The instruments must 
be cleaned prior to sterilization, because 
dried blood or other organic debris might 
interfere with adequate sterilization. The 
ethylene oxide gas penetrates rubber and 
plastic, and is retained in them for short 
periods of time. It is advisable to remove 
them from the sterilizer one to two hours 
before use so this absorbed gas can escape. 

Gas sterilization will prolong the useful 
life of the surgical instruments because of 
the lack of corrosion or rusting. On several 
occasions the condition of the instruments 
used in the sterilizer has prompted un- 
solicited remarks by hospital personnel to 
the effect that they must be all new instru- 
ments because little sign of use is apparent. 
The instruments prompting such a com- 
ment have at times been sterilized weekly 
for over a year. 

The only disadvantage of this sterilizer 
that has been apparent so far is the time 
required for sterilization. This time is two 
hours and would prevent the use of a single 
set of instruments for another case soon 
after being used. This disadvantage is less 
if more than one sterilizer is used. We 
have, on many occasions, used three cata- 
ract setups in a morning, all of which were 
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contained in separate sterilizers and ster- 
ilized the afternoon before at the office. 
The greatest advantage of this compact 
lightweight sterilizer is to the ophthalmol- 
ogist operating at one or more general hos- 
pitals, particularly if he does one or more 
cases a day at each hospital. Much time 
will be saved at the hospital, and careless 
destruction of the delicate instruments is 
eliminated. The sterilizer is of value in a 
specialized hospital on many occasions as 
well, particularly for emergency surgery. 
We have found it helpful at the Eye and 
Ear Hospital if we have the sterilized in- 
struments prepared and ready for use when 
we arrive in the morning, as no delay will 
result and the operating room personnel 
will be free to prepare for subsequent cases. 
At the present writing, the cost of the 
small sterilizer may be higher than desirable 
if the surgeon or hospital desires to pur- 
chase several of them. I am sure the cost 
will be reduced if the demand is sufficient. 


Summary and Conclusions 


The effectiveness of ethylene oxide gas 
for sterilization is reviewed. 


A small portable sterilizer is described. It 
is a compact, lightweight sterilizer ideal for 
use by ophthalmic surgeons, because a com- 
plete set of instruments for almost any eye 
operation can be sterilized together in one 
of these sterilizers. 

The method of use of the sterilizer for 
ophthalmic surgery is described, including 
how the more delicate ophthalmic instru- 
ments are protected from damage. 

This sterilizer is useful for all ophthalmic 
surgeons but will be particularly valuable for 
those operating in one or more general hos- 
pitals where eye surgery is a small fraction 
of the surgery performed. 


Some uses other than for ophthalmic sur- 
gery are mentioned. 
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Cyclodiathermy Combined with Medical Treatment in 
Glaucoma with Severe Visual Field Loss 


JOHN C. LOCKE, M.D., Montreal 


In cases of glaucoma not controlled by 
medical therapy and with small residual 
fields, there are three choices of treatment: 

1. A filtering operation: A filtering op- 
eration may be successful, but most re- 
ports’* have indicated poor results. 
Relatively minor complications may be dis- 
astrous, and even after an uncomplicated 
procedure there may be a sudden loss of 
the remaining field or an increase in the 
rate of progress of lens opacities. Realiza- 
tion of this is conducive to procrastination. 

2. A purposeful continuation of medical 
treatment in spite of uncontrolled ocular 
tension: Many writers*® consider this the 
only permissible treatment for one-eyed 
patients. In cases where this situation pre- 
vails in both eyes, they consider surgery 
on one eye permissible. 

3. Finally, treatment may be by means 
of cyclodiathermy, either alone or, as will 
be advocated here, supplemented by con- 
tinued medical therapy. 

There is now a voluminous literature 
about cyclodiathermy. Many papers speak 
unfavorably of it, while others are enthu- 
siastic. However, most imply that further 
evaluation of its many possible variations 
are desirable. Castroviejo®? considers cy- 
clodiathermy the operation of choice in 
chronic noncongestive glaucoma. Scheie, 
Frayer, and Spencer ® find it one of the 
safest approaches to glaucoma and advocate 
its use in cases with residual fields. 


Submitted for publication April 2, 1959. 

From the Departments of Ophthalmology of the 
Royal Victoria Hospital and McGill University. 

Presented at the 21st Annual Meeting of the 
Canadian Ophthalmological Society, June, 1958, 
Halifax, N. S., Canada, Data revised to February, 
1959. 
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This paper is a report of the results of 
combined cyclodiathermy and medical ther- 
apy in 13 eyes with severe visual field loss 
in which the ocular tension could not be 
controlled by medical therapy alone. 

The series is small because it is limited 
to (1) cases from my private practice, on 
whom I was personally able to carry out 
the treatment and every facet of the pre- 
and postoperative care; (2) cases where 
the isopter for 3/1,000 white test object 
fell within 5 degrees of the fixation point, 
and (3) cases with a postoperative follow- 
up period of 12 months and longer. (The 
average follow-up period is 30 months.) 
This arbitrary minimum follow-up period 
was selected because, in a study of 500 
cases, Kronfeld and McGarry? found that 
progression of visual fields after normal- 
ization of tension became readily apparent 
within a year. 

Since it was possible to follow all pa- 
tients in this category, the series is a 
consecutive one and no cases are being 
excluded. 

Tensions in this paper are expressed in 
terms of the 1955 American Academy scale 
for Schigtz tonometers; those recorded be- 
fore publication of the 1955 scale have been 
converted to it. I have taken 24 mm. Hg 
as the upper limit of normal. (All eyes 
had normal ocular rigidity.) Because of 
the advanced field loss, postoperative ten- 
sions of less than 22 mm. Hg _ seemed 
desirable in order to provide a margin of 
safety and to allow for diurnal variations. 
Miotics and carbonic anhydrase inhibitors 
were given as needed to attain this level 
of control. 

Visual field examinations were done by 
me under uniform conditions. Pupil size, 
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lens opacities, refraction, emotional status, 
etc., were given careful consideration. 

Gonioscopy was performed preopera- 
tively and postoperatively on all eyes ex- 
cept one (Case 6), where corneal edema 
and severe asthma made it impractical. 
Tonography was carried out preoperatively 
and postoperatively on all but three eyes 
(Cases 5 and 6), where corneal epithelial 
changes contraindicated the test. Ocular 
rigidity measurements were made pre- and 
postoperatively on all eyes, with use of the 
5.5 and 10 mg. weights on the Schiotz 
tonometer, because it has been suggested ® 
that the reduced tension after cyclodiather- 
my may be due to lowered ocular rigidity 
rather than to reduced intraocular pressure. 

The Schirmer test and corneal sensitivity 
measurements were also carried out post- 
operatively on all patients. 


Material 


Thirteen eyes in eight patients were 
studied. Ten eyes had chronic simple glau- 
coma. (In six the angles were wide, and 
in four they were narrow; in one of the 
latter [Case 7], there were peripheral an- 
terior synechiae.) Both eyes of one patient 
(Case 5) had juvenile glaucoma with hy- 
drophthalmos, associated with other con- 
genital ocular anomalies, and were aphakic 
as the result of cataract surgery at ages 3 
and 7. One eye (Case 6) with long-stand- 
ing high tension defied accurate classifica- 
tion. 

None of the eyes had had previous 
glaucoma surgery. 

Seven of the eleven phakic eyes had lens 
opacities of mild to moderate degree, 
judged preoperatively to be acquired and 
progressive. (The presence of incipient 
cataracts was viewed seriously, since it was 


not thought that these fields would stand . 


up well to the circulatory and pressure 
changes of later cataract surgery.) 

In four patients, the eye to be operated 
on was the only eye with useful vision, 
the fellow eye having vision of hand-move- 
ments or less. 


Locke 


The Table shows the duration of post- 
operative observation in each case. The 
shortest postoperative follow-up period was 
12 months, the longest 61, and the average 
30. 

Indications for Cyclodiathermy.—Indica- 
tions for surgery (cyclodiathermy) fell into 
three categories : 

1, Three eyes were operated on as an 
urgent measure because of tensions of 60 
or higher which could not be reduced 
medically. 

2. Four eyes with tensions consistently 
between 27 and 34 mm. Hg while on medi- 
cal therapy were operated on only after 
observation of continuing field loss. 

3. Six eyes with tensions between 28 and 
40 mm. Hg in spite of miotics on three or 
more consecutive occasions were operated 
on without waiting for evidence of further 
field loss. The extremely small size of the 
residual field or the close approximation 
of one edge of the field defect to the fixa- 
tion point would not permit further loss 
without endangering central vision. 


Preoperative Preparation and Operative 
Technique 


The operation was done under local anes- 
thesia. Sodium pentobarbital (Nembutal), 
200 mg. two hours before operation and 
100 mg. one hour preoperatively, and 
meperidine (Demerol) hydrochloride, 100 
mg. intramuscularly 30 minutes before sur- 
gery, were usually given. 

The tension of the eye with 2% pilo- 
carpine or a miotic of similar strength was 
used as a guide to the number of cyclodia- 
thermy punctures. DFP was discontinued 
the day before operation, as it did not seem 
wise to do the procedure with the eye under 
such strong miotic effect. Neosporin oph- 
thalmic solution (a preparation of poly- 
myxin B, gramicidin, and neomycin) was 
instilled several times preoperatively. 

Description of Operative Procedure.— 
The operative technique used was similar 
to that of Castroviejo*7 Topical 0.5% 
tetracaine (Pontocaine) drops; retrobulbar 
injection 2.0 cc. of 2% procaine hydro- 
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chloride (Novocain) in 1:40,000 epineph- 
rine with hyaluronidase, 6 turbidity-reduc- 
ing units per cc.; subconjunctival injection 
of 2% cocaine,* 2-3 minims (0.12-0.19 cc.) 
or just enough to raise a small bleb, one at 
12 o’clock near the upper fornix and one 
at 6 o'clock near the lower fornix, keeping 
infiltrated area well away from region of 
proposed cyclodiathermy (the procedure is 
painful if the subconjunctival cocaine is 
not given); diathermy applied through dry 
conjunctiva and sclera with 1.5 mm. Cas- 
troviejo electrode, 6 mm, behind the lim- 
bus; duration of applications, 10 seconds 
each; current, just enough that entire 
length of electrode perforates conjunctiva 
and sclera without pressure (coagulating 
current of Walker unit used here); 8 to 
10 applications in cases where preoperative 
ocular tension after instillation of pilocar- 
pine is 26 to 32 mm. Hg, 12 to 16 punc- 
tures in cases with higher tensions, smaller 
number of punctures in  reoperations 
punctures distributed equally around entire 
circumference; no miotic or mydriatic in- 
stilled at end of operation; Neosone oint- 
ment (a preparation of cortisone acetate 
and neomycin sulfate); single eye dressing, 
which is removed on first postoperative day. 


Comment on Operative Technique.—De- 
tails of technique in cyclodiathermy are 
important. Many different ways of per- 
forming the procedure are described. The 
one term “cyclodiathermy” is in fact used 
to denote a large number of procedures, so 
different in their effects and results that 
they should be regarded as entirely differ- 
ent operations. 


* Castroviejo®’ has discontinued use of sub- 
conjunctival cocaine in order to maintain dryness 
of the diathermy bed. He has instead substituted 
an increase in the volume of retrobulbar anesthetic. 

+ Castroviejo®’ has emphasized the greater 
danger of excessive effect in reoperations. He ad- 
vised four applications (one per quadrant) at a 
second operation and only two applications at a 
time for subsequent procedures. I have used as 
many as eight punctures at reoperation, depending 
upon the height of the tension and the number of 
punctures already given. 
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The operative results presented here can- 
not justifiably be compared with those of 
any other method of cyclodiathermy which 
does not include (a) performing applica- 
tions through conjunctiva and sclera with 
a 1.5 mm. electrode, (b) site of application 
not closer than 5 or farther than 7 mm. 
from limbus, (c) applications evenly dis- 
tributed around the entire circumference, 
and (d) each application of 10 seconds 
duration. 

Factors which cannot be precisely con- 
trolled or standardized are variations in 
the intensity of current employed and in 
the electrical resistance of the tissues. How- 
ever, when the intensity of the current is 
adjusted as described and efforts are made 
to keep the field dry, a reasonably uniform 
technique giving remarkably consistent re- 
sults is attained. 

As with any quantitative approach to 
treatment, experience is needed to learn the 
results to be expected from variations in 
the number of diathermy punctures or in 
the intensity of the current. One of the 
advantages of the procedure, however, is 
a considerable margin of effectiveness and 
safety. Too few applications or too low 
a current will give an insufficient tension- 
lowering effect. Too many applications or 
too strong a current will cause atrophy of 
the globe, or other serious complications. 
Between the two extremes, however, con- 
siderable leeway in the quantitative aspects 
of the operative technique is possible. If 
in doubt, the operator should at first err 
on the conservative side, since the operation 
can be safely repeated. 


Postoperative Course and Care 


Patients in this series were kept in hos- 
pital for three to five days after operation 
for observation, although they could have 
been discharged the day after surgery. 
There was no postoperative discomfort. 
Neosone ophthalmic ointment was used 
q. i. d. for seven days to combat any mild 
traumatic uveitis; 2% pilocarpine drops 
were given q. i. d., beginning at discharge, 
the eyes being quiet at that time in every 
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instance. The patients were warned that 
the sight in the eye operated on would 
probably be blurred for a day after opera- 
tion. The vision invariably returned to its 
preoperative level by the second postopera- 
tive day. 

My own previous experience had re- 
vealed a tendency for the normalized tension 
to increase slowly during the first few post- 
operative weeks or months (also observed 
by Scheie et al.* and by Berens '°). 

In this series, to safeguard against a 
recurrence of hypertension between visits, 
2% pilocarpine was prescribed at the time 
of discharge from hospital, unless there 
was hypotony (less than 10 mm. Hg). 
After several weeks or months, when the 
tension had become stabilized, medical ther- 
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apy was discontinued if no longer necessary 
(Cases 3 and 8). It also seemed wise in 
cases with advanced field defects to keep 
the tension less than 22 mm. Hg, if pos- 
sible, in order to provide a greater margin 
of safety and to allow for phasic variations. 
Therefore, tensions as low as 19 (7/7.5) 
were considered indications for the contin- 
uation of miotics (usually 2% pilocarpine 
q. i. d.), and tensions of 22 (6/7.5) with 
miotics were indications for acetazolamide 
(Diamox), 250 mg., or dichlorphenamide 
(Daranide), 50 mg. q. h. s. 


Report of Cases 


Case 1 (Fig. 1).—Man, age 80. Right 
eye, chronic simple glaucoma. November, 
1954: first seen because of sudden decrease 
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Fig. 1 (Case 1).—Vision, tension, and fields. Upper: at time of operation. Lower: 
39 months after operation. (No change eight months later.) 
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of vision, O. S. Vision: O. D., 20/20; 
O. S., H. M. Tension: O. D., 33; O. S., 
22. Occlusion of inferior temporal branch 
of central retinal vein, O. S. Glaucomatous 
cupping; O. U. Media clear. Anterior 
chambers of moderate depth, angles nar- 
row, no peripheral anterior synechiae. 
Visual field, O. D.: Residual small central 
island of vision and a temporal island 
(Fig. 1). Tension, O. D., remained ele- 
vated at 30 on 4% pilocarpine q. i. d., and 
further loss of field occurred. January, 
1955: cyclodiathermy, O. D., nine punc- 
tures. December, 1958 (47 months post- 
operative follow-up): Visual acuity and 
fields have remained unchanged. Tension, 
O. D., has varied between 16 and 22. Pilo- 
carpine, 2%, O. U., q. i. d. since third 
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postoperative day. Acetazolamide, 250 mg. 
q. h. s., since May, 1956. Corneal sensa- 
tion, O. D., present but reduced as com- 
pared to O. S. It is not known whether 
miotics have been essential in this case, 
since the eye has not been observed without 
them. The occasional tension of 22, how- 
ever, has been sufficient indication for 
continuing. them and suggests that they 
probably have been needed for full-time 
control. 

Case 2 (Fig. 2).—Woman, age 58. Both 
eyes, chronic simple glaucoma. Aug. 6, 
1956: first seen with complaint of gradual 
loss of vision O. U. for two years. Vision: 
O. D., 20/25; O. S., H. M. Tension: 
O. D., 32; O. S., 32. Glaucomatous cup- 
ping, O. U. Media clear. Wide angles, no 


" 


OD. 


Fig. 2 (Case 2).—Vision, tension, and fields. Upper: at time of operation. Lower: one 
month after operation. (No change 11 months later.) 
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Fig. 3 (Case 3).—Vision, tension, and fields. Upper: at time of operation. Lower: 13 


months after operation. 


peripheral anterior synechiae. Visual field: 
residual small concentric island of vision 
O. S. (Fig. 2). No reduction of tension 
with miotics (4% pilocarpine). August, 
1956: Cyclodiathermy, O. U.; 10 pune- 
tures, O. U. September, 1957 (final exam- 
ination, 12 months postoperative): Vision 
and fields have remained unchanged. Ten- 
sions have varied between 16 and 22, on 
2% pilocarpine O. U. q. i. d. since third 
postoperative day which has been needed 
for control of the tension. 

Case 3 (Fig. 3)—Woman, age 78. Both 
eyes, chronic simple glaucoma. March, 
1953: complaint of gradual loss of vision 
O. U. for one year. Has been using 2% 
pilocarpine, O. U., for glaucoma since 
1948. Vision: O. D., 20/200; O. S., 20/80. 
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Tension: O. D., 36; O. S., 36. Pathologic 
cupping, O. U. Cataract, O. U., is main 
cause of poor vision. Wide angles, no 
peripheral anterior synechiae. Visual fields : 
small concentric central island of vision, 
O. U. (Fig. 3). Tension could not be 
normalized with pilocarpine or DFP. Dec. 
2, 1953: Cyclodiathermy, O. S., 10 punc- 
tures. Dec. 9, 1953: Cyclodiathermy, 
O. D., 10 punctures. July, 1955 (final ex- 
amination, 19 months postoperative): Vi- 
sion: O. D., 20/300; O. S., 20/200. The 
decrease of vision is due to further slow 
progression of cataracts. No change in 
visual fields. Pilocarpine, 2%, q. i. d. was 
commenced in February, 1954, because of 
a single tension reading of 22 O. U. With 
this exception, postoperative tensions have 
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been between 14 and 19. The pilocarpine 
was discontinued in March, 1955, because 
it was aggravating the visual problem. 
Tensions continued in the same range. 
Postoperative miotics were probably unnec- 


essary in this case. Corneal sensitivities 
diminished but present O. U. Patient died 
in August, 1955, of cancer of the bladder. 

Case 4 (Fig. 4).—Woman, age 71. Both 
eyes, open-angle glaucoma (Fig. 4). March 
25, 1957: first seen with complaint of 
blurring of vision for six months. Vision: 
O. D., 20/60; O. S., 20/50, which did not 
improve on medical treatment. Tension: 
O. D., 44; O. S., 41. Glaucomatous cup- 
ping, both eyes; early cataracts, both eyes. 
Anterior chambers of moderate depth, 
angles narrow. Irregular visual fields, with 
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months after operation. 
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Fig. 4 (Case 4).—Vision, tension, and fields. Upper: at time of operation. Lower: 12 


one edge threatening fixation point (Fig. 5). 
Average tension with miotics (4% pilocar- 
pine, 0.05% DFP, and dichlorphenamide) 
O. D. 30; O. S. 32. April 29, 1957: Cyclo- 
diathermy, O. U.; 10 applications, O. D.; 
12 applications, O. S. April 30, 1958 (final 
examination, 12 months postoperative): 
tension: O. D., 20; O. S., 20, with 4% 
pilocarpine O. U. q. i. d. and dichlorphen- 
amide, 50 mg., b. i. d. Vision: O. D., 
20/60; O. S., 20/50. No apparent pro- 
gression of cataracts. Visual fields (Fig. 4) 
the same or slightly larger than preopera- 
tive fields. The patient had been placed 
on dichlorphenamide in December, 1957, 
because of tensions of 22 O. U. on two 
successive occasions. After this, the ten- 
sions remained at safer levels. Postopera- 
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Fig. 5 (Case 5).—Vision, tension, and fields. Upper: at time of operation. Lower: 11 
months after operation. (No change nine months later.) 


tive medical treatment has definitely been 
necessary in this case. Corneal sensitivities 
were normal. The patient died in June, 
1958, of a stroke. 

Case 5 (Fig. 5).—Man, age 23. Both 
eyes, juvenile glaucoma. December, 1956: 
first seen because of gradually increasing 
loss of vision. Vision: O. D., 20/100; 
O. S., counting fingers at 1 ft. History of 
cataract surgery O. U. at ages 3 and 7. 
Tension: O. D., 43; O. S., 37. Buphthal- 
mos O. U. Corneas measure 13 mm. diam- 
eter, O. U. Beginning band keratitis, O. U. 
Aphakia, O. U. Partial secondary mem- 
brane, O. D. Partial iris colobomata, O. U. 
at 6 o'clock. Slight flare and cells, O. U. 
Moderate number of coarse vitreous opaci- 
ties, O. U. Anterior chambers deep. 
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Angles filled with very vascular whitish 
tissue. Fundi seen poorly. Suggestion of 
raised, elevated whitish lesions seen in 
fundi. Severe irregular visual field loss 
O. U. (Fig. 5). Tensions remained ele- 
vated in spite of use of 4% pilocarpine and 
acetazolamide. With use of DFP 0.1%, 
eyes first became soft; later tension became 
elevated in right eye and normal in left. 
May, 1957: tension, O. D., not controlled 
by DFP and acetazolamide; continues at 
about 30. Vision, O. D., reduced to 20/200. 
Visual field, O. D., shows further loss. 
Goniotomy or goniopuncture thought in- 
advisable because of danger of hemorrhage 
from highly vascular tissue in angle. Cy- 
clodiathermy, O. D., eight punctures, 7 mm. 
behind limbus. Postoperatively tension in 
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each eye remained about 12 on 0.1% DFP, 
t. i. d., until July 21, 1957, when patient 
awoke with pain, redness, and decrease in 
vision in both eyes. Tension: O. D., 60; 
O. S., 60. The sudden rise in tension could 
not be reduced by DFP and acetazolamide 
in hospital. July 23, 1957: Cyclodiathermy, 
O. U., 8 punctures O. D., reoperation; 10 
punctures, O. S. Feb. 9, 1959 (last exam- 
ination, 19 months after second operation) : 
no change in vision or fields. Tensions have 
remained between 12 and 22, O. U., on 
0.1% DFP, O. D., and dichlorphenamide, 
50 mg., q. i. d. Corneal sensitivities nor- 
mal, ©. U. 

Case 6.—Man, age 69. Left eye, ad- 
vanced neglected glaucoma of uncertain 
classification. July 14, 1953: first seen com- 
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plaining of pain in O. S. No vision in right 
eye, since antiglaucoma operation 20 years 
previous. Vision: O. D., no light-percep- 
tion; O, S., counting fingers at 1 ft. in 
temporal field only. Tension, O. S., 56. 
Cornea steamy. Deep anterior chamber. 
Posterior synechiae. Moderately advanced 
cataract. Tension, O. S., remained at 56 
on intensive medical therapy, including trial 
of DFP. Patient refused operation for one 
week because of loss of vision of fellow 
eye after glaucoma surgery. July 22, 1953: 
Cyclodiathermy, O. S., 16 punctures. May, 
1958 (58 months postoperative follow-up) : 
vision of counting fingers at 1 ft, in tem- 
poral field was maintained for three years. 
Vision now reduced to hand movements 
due to progression of cataract. DFP, 0.1% 
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q. h. s., has been required to control ten- 
sion which has ranged between 12 and 22 
with this treatment. Visual field (to 
confrontation test) appears unchanged. 
Corneal sensitivity O. S. diminished in 
comparison with O. D. 

Case 7 (Fig. 6).—Woman, age 53. Left 
eye, open-angle glaucoma with partial gonio- 
synechiae (Fig. 6). January, 1954: first 
seen because of headaches. Poor vision, 
O. D., all her life. Vision: O. D., hand 
movements; O. S., 20/25. Dense vitreous 
opacities, O. D., obscuring fundus deiails. 
Anterior chambers of moderate depth, 
angles narrow, partial peripheral anterior 
synechiae, O. U. Tension: O. D., 22; 
O. S., 30. Media clear; mild cupping, left 
disc. Glaucoma field, O. S. (Fig. 6). 
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Tension O. S. remained elevated at 26 and 
30 on 2% pilocarpine q. i. d., and further 
loss of field occurred. December, 1954: 
Cyclodiathermy, O. S., 8 punctures. April, 
1958 (Final examination, 40 months after 
operation): vision: O. S., 20/30. Visual 
field unchanged since operation. Pilocar- 
pine, 2%, O. S. q. i. d. has been needed to 
control tension. With medical treatment, 
tensions have varied between 12 and 24. 
Patient also taking acetazolamide, 250 mg., 
b. i. d. Corneal sensitivities normal, O. U. 

Case 8 (Fig. 7).—Man, age 65. Both 
eyes, chronic simple glaucoma (Fig. 7). 
March, 1953: First seen for routine exam- 
ination with no eye complaints; diabetic. 
Vision: O. D., 20/20; O. S., 20/15. Ten- 
sion: O. D., 27; O. S., 30. Glaucoma 


2, 5/1, 000 


Fig. 7 (Case 8).—Vision, tension, and fields. Upper: at time of operation. Lower: 52 
months after operation. 
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fields, O. U. Incipient senile cataract, O. U. 
Early senile macular degeneration, O. D. 
No cupping. Angles open, no goniosyn- 
echiae. January, 1954: Tensions intermit- 
tently above normal on miotics, including 
DFP, 0.1%. More loss of visual field, 
O. U. (Fig. 7). Slight decrease in vision 
owing to increase in lens opacities. Vision: 
O. D., 20/25; O. S., 20/20. Cyclodiather- 
my, 8 punctures, O. D.; 10 punctures, O. S. 
February, 1959 (Latest examination, 61 
months postoperative): Lens changes 
slightly more advanced. Vision: O. D., 
20/50; O. S., 20/25. Tension consistently 
between 12 and 19, O. U. During first two 
years after operation, 2% pilocarpine was 
needed to control tension; since then, prob- 
ably not. Miotics were discontinued 54 
months postoperatively, because they ag- 
gravated blurring of vision, owing to pres- 
ence of cataracts. Tension remains between 
12 and 19, O. U. In spite of normal ten- 
sions, there has been continued gradual 
contraction of visual fields, as is frequently 
seen in normotensive eyes after surgery. 
Fortunately, this has been so far confined 
mainly to the more peripheral portions of 
the fields. Corneal sensitivities diminished, 
O. U. 


Results and Comments 


The results can best be evaluated by 
considering separately the effects of treat- 
ment on tension, visual acuity, and fields 
(Table, Figs. 1-7) and by noting the inci- 
dence and nature of any complications. 

1. Tensions.—Preoperatively, the ten- 
sions could not be controlled in any of the 
cases. Postoperatively, all tensions have 
been normal with or without medical treat- 
ment, for periods varying from 12 to 61 
months. No significant changes in facility 
of aqueous outflow,t ocular rigidity,§ or 
gonioscopic appearance of the chamber 
angles were noted. Miotics were needed in 
9 of the 13 eyes. In two of these eyes 

} Below normal in all eyes tested, pre- and post- 
eperatively. 

§ Ocular rigidities normal in all eyes, pre- and 
postoperatively. 

Locke 


(Case 8), it later became possible to dis- 
continue them. In another three eyes, 
miotics were given but were probably not 
necessary. 


Pilocarpine was adequate for seven of 
the nine eyes requiring miotics; DFP was 
needed for the other two (Cases 5 and 6). 
Carbonic anhydrase inhibitors in addition 
to miotics were necessary to control the 
tension of one eye (O. D., Case 5). They 
were prescribed for three other patients 
(four eyes) as an added precaution, even 
though the tension of these eyes with mi- 
otics was always normal. 


Only one eye required a second cyclodia- 
thermy (O. D., Case 5). This has given 
good results during 19 months of observa- 
tion. The fellow eye of the same patient 
was the only one in the series to show 
hypotension (less than 10 mm. Hg) of 
more than one or two days’ duration. This 
eye remained soft for four weeks before 
returning to a normal level of tension. 
Postoperative observation suggested that 
the low tension in this buphthalmic eye 
could be attributed to filtration through the 
cyclodiathermy punctures, lasting four 
weeks, owing to the abnormally thin and 
stretched condition of this patient’s sclera. 


Tonometry has not been carried out on 
the operating table, but palpation of the 
globe at the end of the operation has gen- 
erally revealed a soft eye. We have not 
experienced hypertension at operation or in 
the early postoperative period, as has been 
observed by some others. This may be due 
to the fact that the 14%4 mm. electrode leads 
to some initial filtration in almost every 
procedure. The retrobulbar injection may 
also be a factor. It is our impression, how- 
ever, that any filtration is of short duration 
and is not a factor in long-term control. 
Postoperatively, any suggestion of filtration 
on slit-lamp examination disappears within 
a short time. The facility of aqueous out- 
flow remains at the preoperative level. 


In this series, miotics were generally 
commenced within three to five days of 
operation, at a time when the tensions were 


127/637 


i 
= 
wis 
; 
: 
a 
25 
: 


normal in every case. This was done to 
assure the maintenance of normal intra- 
ocular pressure between the time of 
discharge from hospital and the first post- 
operative office visit and between subse- 
quent office visits. It is not known whether 
this early postoperative use of miotics 
played a role in the favorable course which 
followed. 

Topical steroids were given routinely for 
one week postoperatively to counteract any 
postoperative uveitis or tendency to pos- 
terior synechia formation. Neither of 
these were seen. It is also not known 
whether the early postoperative use of 
topical steroids beginning on the first post- 
operative day played any role in the favor- 
able results. 


2. Viswal Acuities—(a) Twelve Months 
Postoperative: The Table indicates that (1) 
preoperative vision was maintained in 10 
of the 13 eyes; (2) in two eyes, the slow 
progression of lens opacities resulted in a 
decrease in vision of one line on the Snellen 
chart (20/80 to 20/100, O. S., Case 3; 
20/25 to 20/30, O. D., Case 8); (3) ina 
third eye, a similar reduction of vision was 
noted (20/25 to 20/30, O. S., Case 7), but 
the reason was not apparent; (4) five other 
eyes with early cataracts showed no meas- 
urable loss of vision during the first year. 

(b) Most Recent Examination (Twelve 
to Sixty-One Months Postoperatively: 1. 
Seven eyes retained their preoperative vi- 
sion for periods of observation varying 
from 12 to 47 months (Table). 2. Only 
two eyes showed a reduction of more than 
one line on the Snellen chart, and both 
were due to slowly advancing cataracts 
(20/80 to 20/200, O. S., Case 3, after 19 
months; 20/25 to 20/50, O. D., Case 8, 
after 61 months). 3. The fellow eyes of 
the same patients showed loss of vision of 
one line on the Snellen chart (20/200 to 
20/300, O. D., Case 3; 20/20 to 20/25, 
O. S., Case 8). 4. Case 6, with vision of 
“counting fingers at 1 ft.” in the temporal 
field of his only seeing eye, maintained this 
degree of sight for three years, before pro- 
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gression of his cataract reduced it to hand- 
movements. 

In summary, no decrease in vision oc- 
curred that could be ascribed to the opera- 
tive procedure. Visual loss in the patients 
with early cataracts was less than that usu- 
ally seen. No eyes which did not have 
cataractous changes preoperatively devel- 
oped them postoperatively. 

3. Visual Fields—In 11 out of 13 eyes 
(7 out of 8 patients) the visual fields main- 
tained their preoperative level throughout 
the period of observation (Figs. 1 to 6). 

Small regular, concentric fields, as seen 
in Figures 1, 2, 3, and 6, are sometimes 
retained for considerable periods even 
when the tension is not normalized." 
Irregular concentric fields, such as those 
in Figures 4, 5, and 7, have a poorer prog- 
nosis. Operation may be followed by in- 
vasion of the fixation area or by complete 
loss of vision. And even after normaliza- 
tion of tension, field loss continues in 50% 
or more of 

In the instance of Case 8 (Fig. 7), a 
slow but steady contraction of the field has 
continued over a postoperative period of 
61 months, in spite of normal ocular ten- 
sions generally between 12 and 19 mm. Hg. 
Fortunately, the continued loss has been 
confined to the peripheral portions of the 
field and has taken place at a slower rate 
than observed preoperatively. While the 
long-term prognosis is uncertain, the opera- 
tion appears to have been successful in 
prolonging this patient’s period of useful 
vision. 

4. Complications —There were few com- 
plications. Six eyes of four patients 
showed varying degrees of corneal hypo- 
esthesia (Cases 1, 3, 6, and 8). This was 
probably attributable to the operation (in- 
jury to sensory nerve supply to cornea), 
since in two unilateral cases the unoperated 
fellow eye showed normal corneal sensi- 
tivity. The complication could probably 
be prevented by avoiding the horizontal 
meridian. Also in these eyes, there was a 
mild reduction of tear formation as indi- 
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cated by the Schirmer test (7, 10, 10, and 
12 mm. of Whatman No. 41 filter paper 
moistened after five minutes; normal 15 
mm.). Two of the same patients (Cases 
3 and 6) complained of burning and a 
sense of dryness in the eye operated on a 
few months postoperatively. The Schirmer 
test showed decreased tearing. The symp- 
toms were readily controlled with instilla- 
tions of 1% methyl cellulose. 

Corneal sensitivities and the Schirmer 
test were normal in all the other eyes. 

Early endothelial dystrophy, noted pre- 
operatively in two cornea (Case 3), was 
not affected by the operation. 


Summary and Conclusions 


Thirteen glaucomatous eyes, with ad- 
vanced field changes (isopter for 3/1,000 


within 5 degrees of fixation point) in which 


the tensions could not be medically con- 
trolled, were treated by cyclodiathermy fol- 
lowed by a continuation of medical therapy. 

Ten eyes had chronic simple glaucoma. 
Both eyes of one patient had juvenile glau- 
coma with hydrophthalmos. One eye with 
long-standing neglected high tension defied 
accurate classification. 

In four patients the eye to be operated 
on was the only one with useful vision, 
vision in the fellow eye being hand-move- 
ments or less. 

The operative technique was basically 
that of Castroviejo and consisted of 8 to 
16 perforating diathermy applications 
through conjunctiva and sclera with a 1% 
mm. electrode, 6 mm, from the limbus, 
evenly distributed around the circumfer- 
ence, each application being for 10 seconds. 

Length of postoperative observation was 
from 12 to 61 months, the average being 
30 months. 

Safe levels of normal tension were 
achieved in all eyes by the combined ap- 
proach. 

In twelve eyes, one cyclodiathermy pro- 
cedure sufficed; in one eye, a second was 
needed. 

Miotics were required postoperatively in 
9 of the 13 eyes. In two of these eyes it 
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later became possible to discontinue them. 
In another three eyes, they were also used 
but were probably not needed. 

No reduction in vision resulted from the 
operation or from any postoperative abnor- 
malities of intraocular pressure. 

Lens opacification was not accelerated by 
the operation. Acquired lens changes, noted 
preoperatively in seven eyes, progressed 
slightly in five eyes and not at all in two 
eyes. The rate of progression was not 
greater than would have been expected 
had no operation been done. None of six 
eyes having clear lenses before operation 
developed lens opacities. 

No significant changes in facility of 
aqueous outflow or gonioscopic appearance 
of the angles were induced by the cyclo- 
diathermy. 

The tension-lowering effect of the opera- 
tion was not related to any changes in 
ocular rigidity, which was normal in all 
eyes both pre- and postoperatively. 

Corneal hypoesthesia was noted postop- 
eratively in six eyes. This can possibly be 
prevented by avoiding the horizontal me- 
ridian at the time of operation. 

While serious complications can result 
from overenthusiastic application of cyclo- 
diathermy, these are rare with the 
technique used here. The commonest com- 
plication met will be that of insufficient 
effect, but in such a case the procedure 
can be repeated with an almost equally 
good chance of success. Properly per- 
formed, this operation has a wide margin 
of safety. This is an advantage, because 
the greater dangers inherent in other op- 
erations are conducive to procrastination, 

In cases such as these, cyclodiathermy is 
obviously not the final answer and may still 
leave much to be desired. But when the 
field changes are so advanced, can any 
perfect answer be anticipated, other than 
earlier diagnosis and/or more effective 
treatment in the earlier stages of the dis- 
ease? 

As is so often the case, so also here: the 
best approach for any surgeon is the one 


129/639 


7 
wee 
4 

: 
: 
= 
a 
- 
; he 

§ 

y 


that gives the best results in his hands. 
Those who obtain results as good or better 
than these by other methods should not 
change. For those, however, who are not 


satisfied with their present results, this 
combination of cyclodiathermy and contin- 
ued medical therapy can be recommended 
as a technically simple, reasonably safe, 
and relatively successful method of ap- 
proach to a difficult problem. 


Suite 1012, Drummond Medical Building, 1414 
Drummond St. 
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The clinical picture of temporal arteritis 
was first described ' by an English surgeon, 
Jonathan Hutchinson, in 1889. He told of 
an elderly “gentlemen’s servant” who com- 
plained of “red streaks on his head which 
were painful and prevented his wearing his 
hat. The red streaks proved, on examina- 
tion, to be his temporal arteries which on 
both sides were found to be inflamed and 
swollen.” Temporal arteritis was not de- 
fined as a disease entity until 1932, by Hor- 
ton, Magath, and Brown.” Since then over 
300 cases have been reported in the litera- 
ture in an impressive aumber of articles. 

Temporal arteritis is recognized as a rela- 
tively uncommon disease of obscure etiology, 
occurring in people from 52 to 84 years of 
age. Usually it is characterized by a per- 
sistent, low-grade fever and a severe head- 
ache, most intense in the region of the 
prominent, tender temporal arteries. Many 
patients complain of pain on chewing. Vi- 
sion is seriously diminished in about 50% 
of the cases due to ischemic optic neurop- 
athy or occlusion of the central retinal 
artery. Biopsy of an involved artery typi- 
cally shows a granulomatous arteritis with 
giant cells of the Langhans type and a nar- 
rowed lumen often occluded by an organ- 
ized thrombus. 


Despite evidence that there is a systemic 
disease of which temporal arteritis is but 
one manifestation, little information is avail- 
able indicating the ultimate prognosis for 
life or for later involvement of the intra- 
cranial arteries. In a review of the total of 
48 cases reported to date in 1948, Crosby 
and Wadsworth ® estimated that the mortal- 
ity was 12.5%, but this was necessarily 
based on a short term follow-up for most of 
the cases. 


Submitted for publication April 13, 1959. 


The Prognosis in Temporal Arteritis 


The present paper is an attempt to deter- 
mine the prognosis for life and to evaluate 
the effect of steroid therapy on 32 cases of 
temporal arteritis seen at the Massachu- 
setts Eye and Ear Infirmary and at the 
Massachusetts General Hospital. The indi- 
vidual cases are listed in the accompanying 
Table. The minimum follow-up period was 
15 months. Ten of the thirty-two patients 
were followed for from 5 to 12 years. 

In this series of 32 patients the basis for 
the diagnosis of temporal arteritis was 
fever, pain, tenderness, and swelling in the 
region of the temporal arteries, with or 
without visual symptoms. In 23 of the 32 
cases a biopsy was done and found to be 
positive. 


Ocular Findings 


Eleven of the thirty-two patients, 34%, 
became blind in both eyes as a result of the 
disease. 

Seven patients, 21%, became blind in one 
eye as a result of the disease. Vision was 
seriously impaired in the second eye of one 
of these patients. Six lost no vision in the 
second eye. 

Two patients, 6%, had moderate visual 
damage in both eyes. 

Of the 32 patients, 2 showed transient 
paresis of the extraocular muscles. 

Three patients had altitudinal field de- 
fects. One patient had a nasal field defect 
which disappeared under steroid therapy. 

Twelve patients had no eye symptoms, 


Mortality and Duration 


Eleven of the thirty-two patients have 
died. Three of them died as a result of 
cerebrovascular accident; one at 4, another 
at 10, and the third at 12 years after the 
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TEMPORAL ARTERITIS 


onset of temporal arteritis. Two died from 
coronary thrombosis at 2 and 3% years after 
the onset of temporal arteritis, and five 
from chronic heart disease at 1%, 2, 6, 7, 
and 8 years after the onset. One died of a 
pulmonary embolism 8 years after the on- 
set. None of the series died during the 
active phase of the disease, and in no case 
was death attributed to arteritis. 

The duration of temporal arteritis in this 
series varied from 2 to 12 months, with 
an average duration of 4% months. None 
of the 32 patients had a recurrence after the 
active phase of the disease disappeared. 


Steroid Therapy 


The effect of steroid therapy may be in- 
ferred in the present series by a compari- 
son of 14 patients who received no steroid 
therapy with 18 patients who did receive it. 
Of the former, seven became completely 
blind in both eyes due to temporal arteritis. 
The remaining seven had no visual damage. 

Of the 18 patients treated with steroids, 
4 became blind in both eyes, 7 became blind 
in one eye, 2 who had transient visual dis- 
turbance in both eyes recovered useful vi- 
sion, and 5 had no visual symptoms at all. 
Of these 15 blind eyes, 11 were blind be- 
fore steroid therapy was started. Of the 
seven patients who became blind in one eye, 
six did not lose vision in the second eye 
and one retained 20/30 vision but had a per- 
manent altitudinal field loss. 

Thus, it appears that steroids have a salu- 
tary effect, but vision may be lost despite 
and during steroid therapy. Steroid ther- 
apy, however, brought about dramatic relief 
from pain. 


Comment 


The high instance of ocular involvement 
in temporal arteritis has been stressed many 
times in the literature, particularly by Wag- 
ener and Hollenhorst,* in 1958. Forty-four 
per cent of their series developed seriously 
impaired vision as compared with fifty-five 
per cent of the group reported in this paper. 

Birkhead and Wagener in 1957, re- 
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ported the beneficial effect of steroid ther- 
apy in the treatment of a series of 55 
temporal arteritis patients. Our cases also 
suggested a beneficial effect from steroids 
but not to so great an extent. 


In the literature at least seven autop- 
sies *"! have been reported on patients who 
died during the active phase of temporal 
arteritis. All of these autopsies showed a 
similar granulomatous arteritis in other areas 
of the body. Other arteries involved varied 
from case to case but included the aorta, 
radial, subclavian, femoral, renal, coronary, 
mesenteric, carotid, vertebral, celiac, iliac, 
popliteal, ophthalmic, and central retinal. In 
spite of this finding of widespread arteritis, 
it was not always clear that arteritis was the 
cause of death. It is noteworthy that no 
deaths in the series of 32 patients reported 
in this paper were attributed to arteritis 
and that Wagener and Hollenhorst,* in 
1958, mentioned no deaths in their series 
of 122 cases. Also the present series gave 
no evidence that intracranial vascular dis- 
ease was associated with temporal arteritis. 

Among unusual complications, Kendall !* 
reported one case of deafness developing 
during temporal arteritis. He also reported 
that another patient developed an extensive 
area of necrosis of the scalp and also ne- 
crosis of the nasal septum with perfora- 
tion of the cartilage. Allen, Barker, and 
Hines '* reported that one patient developed 
a hemiplegia and another had an acute myo- 
cardial infarct during active temporal 
arteritis and while receiving steroid therapy. 
Both of these patients recovered. The same 
authors also cited one instance of sudden, 
complete, and permanent deafness develop- 
ing during the course of temporal arteritis. 
No such complications occurred in the pres- 
ent series. 


Summary 


A follow-up of from 15 months to 12 
years is herein reported on 32 patients with 
temporal arteritis. The duration of the dis- 
ease varied from 2 to 12 months. There 
was no instance of recurrence. Of 11 pa- 
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tients who have died, 3 died of cerebro- 
vascular accident, 7 of heart disease, and 
1 from pulmonary embolism, all unrelated 
to temporal arteritis. Eighteen of the se- 
ries became blind in one or both eyes. 
Steroid therapy in this series was very ef- 
fective in relieving pain and in some cases 
appeared to lessen visual damage. 


266 Beacon St. (16). 
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Simultaneous Occurrence of Primary Malignant 
Melanomas of the Eye and the Skin 


DAVID PATON, M.D., and LOUIS B. THOMAS, M.D., Bethesda, Md. 


The simultaneous occurrence of primary 
malignant melanomas of the skin and cho- 
roid has not been previously reported. Also, 
the literature contains only five references 
to familial ocular melanomas. Therefore, 
the following case merits attention, for it 
illustrates both of these unusual circum- 
stances. 


Report of a Case 


The patient is a 72-year-old white married 
housewife from West Virginia who was 
admitted to the surgical service of the Na- 
tional Cancer Institute on June 5, 1957. 
Six years prior to admission she first noted 
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a flat brown spot near the lateral canthus 
of the right eye. The lesion was repeatedly 
treated by electrocautery in the following 
years, Initially she received two treatments 
per year; then, owing to progressive en- 
largement, four times yearly and eventually 
monthly. Nine months prior to admission 
she first observed a discrete nodule form- 
ing at the lateral canthus at the site of the 
original lesion, and three months thereafter 
she became aware of a progressive brown 
discoloration of the eyeball itself. The skin 
nodule was removed at a hospital in Beckley, 
W. Va., and a diagnosis of malignant mela- 
noma was made (Fig. 1). 

It is of particular interest that the pa- 
tient’s 86-year-old brother had his right eye 
enucleated nine years ago for malignant 
choroidal melanoma, The tumor is reported 
to have consisted of “spindle cells, Type A 
or B.”! No other members of the family 


Fig. 1.—Primary cuta- 
neous malignant mela- 
noma which developed 
lateral and slightly in- 
ferior to the lateral can- 
thus of the right eye. The 
tumor is composed of 
small oval and spindle- 
shaped cells. Hematoxylin 
and eosin; reduced about 
10% from mag. X 310. 
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Fig. 2.—The patient in June, 1957, shortly before 

right orbital exenteration. There is a zone of black 
pigmentation of the skin at the lateral canthus, 
and dark pigmentation extends along the upper and 
lower eyelid. A small scar at the inferior margin 
of the pigmented zone is the site from which the 
primary cutaneous melanoma was removed five 
weeks previously, A small raised nodule can be 
seen in the upper lid, and there are several white 
cilia growing at the site of this nodule. The de- 
gree of melanosis of the bulbar conjunctiva is not 
well illustrated in this photograph. 


are known to have had either cutaneous or 
ocular melanomas. There was no consan- 
guinity of their parents. The patient has 
had eight children, five of whom are living 
and range in age from 33 to 48. None has 
known ocular abnormalities. 

On admission the pertinent physical find- 
ings were those related to the right eye 
and periorbital skin (Fig. 2). A tri- 
angular zone of skin adjacent to the lateral 
canthus was intensely pigmented and was 
thickened, wrinkled, and indurated. This 
zone extended from its apex, about 4 cm. 
from the canthus, to the temporal lid mar- 
gins, which were also pigmented. There 
was a separate 3 mm. nodule near the mar- 
gin of the upper lid, and several white 
lashes extended from it. Patches of pig- 
mentation were present on the temporal 
palpebral conjunctiva. Melanosis of the 
bulbar conjunctiva extended from the lat- 
eral canthus to the limbus. There were ir- 
regular areas of pigmentation on the cheek 
and a small scar at the site of previous ex- 
cision of the melanoma, just inferior to the 
lateral canthus. ; 

Results of ophthalmological examinations 
were as follows: Vision corrected to 20/25 


136/646 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


bilaterally. There were no abnormalities of 
the extraocular muscles, corneal sensitivity, 
pupillary reaction, anterior chamber angle, 
and intraocular tension. There was no 
heterochromia. On biomicroscopy, the con- 
junctival melanosis of the involved eye 
showed no evidence of scleral extension. No 
abnormal iris thickening or pigmentation 
was present. Incipient cuneiform lenticular 
changes were seen bilaterally. On fundu- 
scopic examination a circumscribed area 
about 1 d. d. in size was noted just inferior 
to the macula. It appeared slate gray, round, 
and flat and produced no field defect with 
the 1/1,000 white test object. Clinically 


this lesion had the characteristics of a benign 
choroidal melanoma. The remainder of the 
fundus, including the disc, the macula, and 
the periphery of the retina, was normal in 
appearance. Both fundi were equally pig- 
mented. The left eye showed no patho- 
logical changes. 


Laboratory studies, including chest x-ray, 
skull x-rays with orbital views, urine 
melanin test, routine blood studies, and elec- 
troencephalogram were all normal. 


It was decided that the skin lesion should 
be widely resected, including an orbital 
exenteration. The operation was performed 
by Dr. Robert R. Smith on June 19, 1957. 
The patient had an uneventful postoperative 
course and was last seen 17 months after 
discharge, at which time examination showed 
no recurrent or metastatic melanoma. 

Pathological Examination.—A histological 
section of the nodule removed before the 
patient was admitted to the Clinical Center 
showed a malignant melanoma of the skin 
(Fig. 1). This tumor was approximately 
1 cm. in diameter and was composed of 
round and spindle-shaped melanoma cells, 
only a few of which contained melanin. 

The operative specimen of June 19, 1957, 
consisted of the right eye, periorbital tis- 
sue, upper and lower eyelids, and a wide 
margin of skin lateral and inferior to the 
lateral canthus which contained the skin 
lesions described clinically. Dark pigmenta- 
tion was present in the conjunctiva, the 
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Fig. 3.—Section of 
darkly pigmented skin ad- 
jacent to lateral canthus 
showing junctional nevus. 
Hematoxylin and eosin; 
reduced about 10% from 
mag. X 310. 


skin adjacent to the lateral canthus, and 
along the upper and lower eyelids. The 
surrounding skin appeared roughened and 
atrophic. The slightly raised nodule at the 
margin of the upper lid which contained 
white cilia was covered by thin shiny epi- 
dermis. 

Histological sections of the skin showed 
a small number of residual melanoma cells 
near the cutaneous scar where the primary 
cutaneous melanoma had been excised. Junc- 
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tional nevus was seen in the epidermis lateral 
and inferior to the lateral canthus. Junctional 
nevus was encountered in both darkly pig- 
mented and normally pigmented parts of the 
skin and also appeared in sections of the 
upper and lower eyelids and palpebral con- 
junctiva. This irregular but widespread le- 
sion is illustrated in Figures 3 and 4, Not all 
of the dark discoloration noted in the skin 
was due to pigment in nevus cells, since in 
many parts of the skin there were numerous 


Fig. 4.—Section of skin 
below lateral half of 
lower eyelid, There is a 
group of heavily pig- 
mented nevus cells in the 
epidermis, Numerous pig- 
mented macrophages are 
present in the dermis. 
Hematoxylin and eosin; 
reduced about 10% from 
mag. X 310. 
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melanin-containing macrophages in_ the 
dermis (Fig. 4). The skin at the margins 
of the surgically resected specimen showed 
severe atrophy and senile elastosis. 

The discrete nodule in the upper eyelid 
proved histologically to be a small super- 
ficial malignant melanoma. It consisted of 
polyhedral and spindle-shaped melanoma 
cells with dark cytoplasm and irregular 
nuclei which replaced the epidermis and 
superficially infiltrated the adjacent dermis 
(Fig. 5). Some of the cells contained mela- 
nin. There was junctional nevus in the 
epidermis of the eyelid on each side of this 
small melanoma. No pigmented cells or 
melanoma were seen in sections of the peri- 


Fig. 6.—Section of eye 
through the macula. The 
choroidal melanoma is 
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Fig. 5.— Small mela- 
noma in the upper lid. 
The melanoma cells ex- 
tend nearly to the surface 
of the epidermis. There 
is a lymphocytic infiltrate 
in the adjacent dermal 
connective tissue. Hema- 
toxylin and eosin; re- 
duced about 10% from 
mag. X 310. 


orbital fat, extraocular muscles, and optic 
nerve. 

The eye and bulbar conjunctiva were 
separated from the operative specimen and 
were fixed in Bouin’s solution, then opened 
in the horizontal plane. The vitreous was 
clear, and the inner membrane exhibited 
only a faint grayish area below the region 
of the macula. The eye was embedded in 
celloidin and sectioned serially. Selected 
sections were stained with hematoxylin and 
eosin and Wilder reticulin stain, and 
bleached sections were made by Lillie’s modi- 
fication of the performic acid technique. 

There were areas of precancerous mela- 
nosis in the conjunctival epithelium. These 


seen to lie entirely within 
the choroid; the overly- 
ing retina is undisturbed. 
Relationship of this tu- 
mor to a ciliary nerve is 
not demonstrated in the 
section. Hematoxylin and 
eosin; reduced about 35% 
from mag. X 50. 
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consisted of pigment-bearing cells within 
the epithelial layer, hydropic changes of the 
basal cells, moderate disarrangement and 
proliferation of the epithelium, and mono- 
nuclear infiltration of the subepithelial lay- 
ers. The pigmented cells in the conjunctival 
epithelium did not exhibit marked anaplasia, 
and no mitotic figures were seen. 

The anterior chamber had normal depth 
and an open angle. The iris and ciliary 
body appeared histologically normal. The 
lens exhibited signs of early posterior cor- 


Fig. 7—Higher magnifi- 
cation of the choroidal mela- 
noma shown in Figure 6. 
Performic acid bleach, he- 
matoxylin and eosin; 500. 


tical cataract. The vitreous was free of cells 
and abnormal deposits. The retina had nor- 
mal architecture except for a moderate num- 
ber of Blessig cysts near the ora serrata. 
The pigment epithelium was uniformly and 
densely pigmented and slightly elevated by 
drusen of Bruch’s membrane at several 
sites. 


Study of sections through the slate-gray 
area below the macula showed choroidal 
melanoma (Fig. 6). This grossly circular 
lesion was 2 mm. in diameter and 0.3 mm. 
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in thickness. The overlying retina was not 
visibly elevated and was histologically nor- 
mal. Bruch’s membrane was intact in every 
section, as was the choriocapillaris. In 
some sections, the inner layers of the sclera 
were separated by tumor cells and there was 
some thinning of the scleral coat but no 
extension into its outer layers. A ciliary 
nerve extended to one border of the tumor, 
and at this site there was proliferation of 
Schwann sheath cells. 

The melanoma consisted of heavily pig- 
mented cells centrally and somewhat less 
pigmented cells in the periphery. Small 
choroidal vessels were present throughout 
the tumor, but tumor cells did not invade 
them. 
the Wilder technique, there was a promi- 
nent reticulin fiber network. Bleached sec- 
tions (Fig. 7) showed spindle cells with 
fine reticular pattern in the nucleus and 
poorly defined nucleoli—these cells com- 
prised the bulk of the tumor and were 
Type A according to the Callender classifi- 
cation.2, Other spindle-shaped cells, Callen- 
der Type B, had darker staining nuclear 
material and sharply outlined nucleoli.* 
Choroidal melanocytes were scattered 
throughout the tumor. 


In preparations stained according to 


* Sections of the tumor were also examined by 
Dr. Lorenz Zimmerman, of the Armed Forces 
Institute of Pathology, who concurred in the diag- 
nosis of early malignant melanoma with spindle 
cells, Types A and B. 
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A separate focus of lightly pigmented 
celis was located in the outer portion of the 
choroid nasal to the optic nerve and thus 
completely independent of the melanoma 
described above (Fig. 8). This was com- 
posed of smaller cells with darkly stained 
nuclei and ill-defined cell membranes; it 
was a more loosely arranged cellular group 
with a fine reticulin network. This collec- 
tion of pigment cells was considered a be- 
nign lesion. 


Comment 


The diagnosis of malignancy of the para- 
macular choroidal tumor has been made 
upon the arrangement and characteristics of 
the component cells. The distinction be- 
tween malignant and potentially malignant 
tumors may become an academic argument. 
One of three consultants was unwilling to 
call the lesion malignant, differing in his 
opinion on the interpretation of Type B 
spindle cells. However, the cells described 
are the same as those found in larger, dis- 
tinctly invasive tumors. 


The small size of this paramacular cho- 
roidal melanoma which clinically fulfilled 
the specifications of a benign lesion makes 
it perhaps the earliest choroidal melanoma 
to be clinically and histologically described. 
Since the report by Fuchs * of a melanoma 
completely confined to the choroid without 
involvement of the overlying retina, a num- 
ber of others have been reported. The 


Fig. 8.—Second focus 
of pigmented cells lo- 
cated nasal to the optic 
disc and in the outermost 
layers of the choroid. 
Hematoxylin and eosin; 
reduced about 35% from 
mag. X 270. 
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earlier literature has been reviewed by 
Schappert-Kimmyser and Mulock Houwer.* 
Among more recent cases is one reported 
by Wilder.’ Sparing of the choriocapillaris 
with normal appearance of Bruch’s mem- 
brane and the overlying retina account for 
the absence of visual field defect. 

The choroidal melanoma and the cutane- 
ous melanomas are considered independent, 
primary tumors occurring simultaneously 
in this patient. Histologically there is pre- 
cancerous melanosis of the bulbar and 
palpebral conjunctiva associated with wide- 
spread active junctional nevus in the peri- 
ocular skin. The cutaneous melanoma 
lateral to the eye is thought to be a primary 
lesion because there is a definite junctional 
component in the epidermis overlying the 
tumor. For this same reason the superfi- 
cial melanoma in the upper eyelid is inter- 
preted as being primary at that site. It 
would, moreover, be unlikely that the small 
choroidal melanoma could have preceded 
the skin lesions whose development had 


been observed clinically for five years. Thus, 
there is no evidence to favor the theoretical 
interpretation that the cutaneous lesions rep- 
resent metastatic tumor deposits from the 
lesion in the choroid. 


There is good evidence that the choroidal 
tumor cells are not metastatic from the 
skin or invaders from the epibulbar tissue. 
Choroidal melanocytes were present amid 
the spindle-cell choroidal tumor—suggest- 
ing that the choroidal tumor occurred at the 
site of these precursors. Also, prolifera- 
tion of Schwannian cells was observed 
around a ciliary nerve at the border of the 
tumor. It is this abundance of precursor 
cells which most significantly demonstrated 
the primary choroidal origin of the tumor. 
The second small choroidal lesion nasal to 
the optic disc was composed of cells unlike 
those of either the skin melanoma or the 
paramacular choroidal melanoma. This 
smaller choroidal lesion had no demonstra- 
ble relation to a nerve or to surrounding 
melanocytes, and was considered a benign 
proliferation of pigment cells. Even from 
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simply a statistical viewpoint metastasis to 
the choroid would appear to be very un- 
likely. Jensen,® in reviewing the literature, 
found only 15 authenticated cases of me- 
tastases of melanoma to the choroid. It may 
be, however, that were the eyes of patients 
dying from widespread metastatic mela- 
noma systematically examined a higher in- 
cidence of these metastases would be found. 
The possibility of local tumor spread from 
the skin to the choroid is even less likely. 
Although there was precancerous melanosis 
of the bulbar conjunctiva, no melanoma cells 
were found in the periorbital tissues or 
sclera. 

The histological appearance of the ocular 
lesions in this patient is different from 
melanosis oculi, which bears a clinical re- 
semblance and which is associated with 
choroidal melanoma in a variously estimated 
10% to 29% of cases.’ Melanosis oculi is 
a congenital, usually unilateral increase in 
the pigment of all the pigment cells through- 
out the uvea as well as of the conjunctiva, 
lids, and even the extraocular muscles. It 
is distinguished from precancerous melanosis 
by its congenital occurrence, the presence 
of pigment almost exclusively in the sub- 
conjunctival tissues rather than the con- 
junctival epithelial cells, and involvement of 
the uveal tract. When combined with ipsi- 
lateral dermal pigmentation of the lids and 
face the syndrome is called oculodermal 
melanocytosis,* synonymous with the older 
term, nevus of Ota. Almost all cases of 
oculodermal melanocytosis have been de- 
scribed in Orientals. Although melanosis 
oculi and oculodermal melanocytosis might 
both be mentioned in comparison to the case 
presented, the histological distinctions are 
great. No tenable explanation can be offered 
to explain the proximity of skin and cho- 
roidal melanomas in this case. 

The patient’s brother had a_ primary 
choroidal melanoma of the spindle-cell 
variety. The familial occurrence of ocular 
melanomas has been reported five times 
previously. Silcock * reported a 20-year-old 
woman with choroidal melanoma whose 
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mother and maternal grandfather also had 
the tumor. Pfingst’® reported it in two 
brothers, and Reese '' has seen two sisters 
with melanomas of the ciliary body. Irvine 1” 
recently reported a case of malignant mel- 
anoma of the bulbar conjunctiva in a patient 
whose sister had a choroidal melanoma. 
The largest series is that of Davenport,™ 
who reported five definitely proven and two 
possible choroidal melanomas in three gen- 
erations of the same family. 


Summary 


A case with simultaneously occurring cu- 
taneous and ocular melanomas is reported. 
The conjunctiva exhibited precancerous 
melanosis. Separate origins of these melano- 
mas are diagnosed. 

The patient’s brother also had a choroidal 
melanoma. The rarity of familial occurrence 
is indicated. 

Clinical examination of the patient’s para- 
macular choroidal melanoma was compatible 
with a benign lesion ; histologically the over- 
lying retina, Bruch’s membrane, and the 
choriocapillaris were intact. 

Ophthalmology Branch, National Institute of 


Neurological Diseases and Blindness, National In- 
stitutes of Health (14). 
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Irradiance Thresholds for Chorioretinal Lesions 


DONALD W. DeMOTT, Ph.D., and THOMAS P. DAVIS, M.S., Rochester, N. Y. 


Considerable information is now avail- 
able concerning chorioretinal burns pro- 
duced by atomic flash.1* The purpose of 
the present research was to determine the 
threshold conditions for the production of 
such lesions and the course of healing in 
such a threshold burn. Since the ocular 
media transmit a relatively narrow spectral 
band, the source of energy used is not 
important, as long as its spectral emission 
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WAVE LENGTH (MICRA) 


Fig. 1—The spectral transmittance of the ocu- 
lar media as measured in an excised steer eye, 
corrected for axial length to approximate the 
transmittance of the rabbit (or human) eye. 


covers the range from 0.3 to 1.3 (Fig. 1). 
However, since species may be an im- 
portant factor and since human volunteers 
are not readily available, it was necessary 
to use several mammalian species in order 
to establish a basis for generalization to 
the human eye. 


Apparatus 

The light source used in this study was 
a U. S. Army searchlight, 24 in., Model 
1942. The light from the carbon arc is 
focused by a reflector into a fairly intense 
beam with uniform flux-density within 
about 5 mm. of the center of the beam. 
A graduated series of circular apertures 
(artificial pupils) could be placed in the 
center of the beam to control the intensity 
of retinal irradiance. Exposure time could 
be varied from 40 msec. upwards by means 
of a shutter. 


Procedure 


Adult pigmented rabbits, cats, and guinea 
pigs were used. The pupils were dilated 
with atropine and the animals lightly anes- 
thetized with pentobarbital (Nembutal). 
The animal was held with its eye about 
3 mm. from the aperture, the pupil ap- 
proximately centered on the beam. An ex- 
posure was made at an exposure time well 
below the expected threshold and the 
fundus examined with an ophthalmoscope. 
A threshold lesion appears as a sharply 
circumscribed translucent whitish area, ap- 
parently raised above the fundus. If no 
lesion was found, another exposure was 
made at a slightly longer exposure time 
and the fundus again examined. This proc- 
ess was repeated until a visible lesion was 
produced. The threshold was taken as mid- 
way between the last two exposure times 
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used, With the cats, it was sometimes 
necessary to hold the nictitating membrane 
out of the way with forceps while making 
the exposures. There is a slight possibility 
that a given area of retina may have re- 
ceived more than one exposure. The data 
would then be in error to the extent that 
such exposures are cumulative. 


Calibration 

The source used in the sudy had been 
previously calibrated, so that the flux pass- 
ing through the aperture was known. In 
order to obtain retinal irradiance, however, 
two additional factors must be known: the 
distribution of flux in the retinal image 
and the absorption by the ocular media. 

In order to determine the first of these 
factors, an artificial rabbit eye was con- 
structed, consisting of an uncorrected, 12 
mm. focal length lens in a holder which 
permitted a piece of photographic film to 
be positioned in the focal plane. By using 
the combinations of aperture and exposure 
time which had produced threshold lesions 
in the rabbit eye, a series of photographs 
was obtained, having nearly identical densi- 
ties. Since the exposure times were pre- 
cisely known and the reciprocity rule could 
be assumed over the range of exposure 
times used (0.04 to 0.8 seconds), the rela- 
tive irradiances from the different apertures 
could be readily calculated. Unfortunately, 
it proved impossible to obtain comparison 
photographs at known irradiances, so that 
absolute irradiance could not be found by 
this means. 


By placing the artificial rabbit eye in the 
beam and with use of a small Thermistor 
as an energy-sensing device, it was possible 
to obtain absolute measures of the irradi- 
ance in the “ocular” images with use of the 
different apertures. Although this method 
is less reliable than the photographic cali- 
bration, it was possible to use the relative 
scale obtained from the photographs to 
smooth out the irregularities in the absolute 
scale derived from Thermistor measure- 
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ments and so obtain a fairly accurate final 
calibration. 

Since the calibration was performed with 
a glass lens in place of the eye, it was 
necessary to know the spectral transmit- 
tance of the glass and of the ocular media 
in order to compute retinal irradiance from 
calibrated irradiance. The transmittance of 
the glass is readily available. The trans- 
mittance of the ocular media was measured 
in an excised steer eye. 

The detailed procedure by which a steer 
eye may be prepared for such measure- 
ments has been described elsewhere.’ In 
brief, the eye was placed in the beam of 
a Perkin-Elmer Universal Monochromator 
and the transmitted light measured by a 
lead sulfide cell in an integrating sphere. 
The output was measured as a function of 
wave length with and without the eye in 
the system, and the difference between the 
two curves was used to compute transmit- 
tance. No correction was made for reflec- 
tion, and the opening in the sclera through 
which the transmitted light was recorded 
was large enough to include over 90% of 
the scattered light, as well as the directly 
transmitted light. The obtained transmit- 
tance curve is shown in Figure 1. Since 
the eye transmits about three-fourths the 
energy transmitted by the glass lens, the 
calibrated irradiance figures were multi- 
plied by this factor to find retinal irradi- 
ance. 


Results 


The threshold values for irradiance and 
exposure time are shown in Figure 2. The 
points for the rabbit and cat eye have been 
plotted directly; those for the guinea pig 
have been corrected for the difference in 
focal length of the eye. The resulting curve 
is almost certainly a dual function. The 
portion of the curve to the right of 2 cal. 
per square centimeter per second is a 
straight line of Slope —1, indicating that 
the radiant exposure necessary to produce 
a lesion is constant and lies between 0.5 
and 1.5 cal. per square centimeter. To the 
left of this value, the curve rapidly ap- 
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Fig. 2.—Exposure times required to pro- 
duce a threshold retinal lesion as a function 
of retinal irradiance. The line of Slope —1 
represents a radiant exposure of 1.0 cal. per 
square centimeter. At irradiance less than 
0.7 cal. per square centimeter per second, 
retinal lesions could not be produced at any 
exposure time through 10 seconds. 


LOG THRESHOLD EXPOSURE TIME (SEC) 


proaches a vertical asymptote, indicating 
that a certain minimal level of irradiance 
is necessary before any exposure time will 
be effective. Apparently an equilibrium is 
established in little more than 10 seconds, 
in which heat is being removed by the 
blood supply at the same rate it is being 
absorbed. 

Since the human blink reflex occurs with 
a latency of about 0.1 second, lesions would 
probably not occur with a retinal irradiance 
less than 4 cal. per square centimeter per 
second, 


Histological Data 


The animals were killed at increasing 
intervals and the eyes removed for histo- 
logical examination. The data consisted of 
sections from 14 rabbit eyes and 2 guinea 
pig eyes, excised at periods from 5 minutes 
to 36 days post trauma. 

No differences were found between the 
lesions in rabbits and guinea pigs or as a 
function of the intensity of irradiance. It 
should be reemphasized that all lesions were 
near threshold. 

Immediately post trauma (5-30 minutes), 
the lesions consisted of intrusions of fluid, 
probably serum, into the sclera, choroid, 
and retina. The commonest appearance was 
of an intrusion between the receptor- and 
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bipolar-cell layers of the retina. From 30 
minutes to about 4 days post trauma, the 
fluid intrusions gradually coagulated and 
shrank. From 5 to 36 days there is ap- 
parently a gradual resorption of the clot. 

At about seven days post trauma, we 
find the first appearance of retinal necrosis. 
This is not an inevitable result of a thresh- 
old lesion, as indicated by the fact that 
some lesions showed no such necrosis at 
several weeks post trauma and, where the 
necrosis was found, it was only in the cen- 
tral portion of the lesion. 


Assuming that the intensity of irradiance 
was greatest at the center of a lesion, we 
can establish a sequence of effects with 
increasing intensity. The bare minimum 
would appear to be an intrusion of fluid 
within the retina or between the retina and 
choroid. The latter type of lesion produces 
a small, uncomplicated retinal detachment 
which shows a tendency to reattach as 
healing progesses. Where the intrusion is 
between the receptor- and bipolar-cell lay- 
ers, as is more often the case in these 
subjects, functional loss should be _per- 
manent. 

A slight increase of intensity causes a 
destruction of retinal elements. The pig- 
ment epithelium and receptor cells are the 
first to be destroyed, probably because the 
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greatest concentration of heat is in the pig- 
ment epithelium. Slightly greater intensities 
involve the bipolar- and ganglion-cell lay- 
ers. Even if not directly involved, however, 
destruction of the receptors causes these 
cells to undergo a secondary degeneration, 
so that the final result is the same. 

A near-threshold lesion, then, can take 
three forms: a circumscribed retinal de- 
tachment, probably temporary; a separation 
between the receptor- and bipolar-cell lay- 
ers within the retina, resulting in eventual 
retinal degeneration, or a direct destruction 
of neural elements, also resulting in final 
degeneration. 

From these data on rabbit eyes, we would 
expect that about 95% of all threshold 
lesions would fall into the latter two cate- 
gories, resulting in permanent visual sco- 
tomata. 


Comment 


Owing to the peculiar laws of optics, 
the retinal irradiance from an extended 
source does not vary with distance, except 
as a function of absorption by intervening 
media. Aside from such absorption, retinal 
irradiance is a function of pupil diameter 
and the surface brightness of the source. 

In the case of an atomic flash, the great- 
est probability of retinal damage would be 
created by a flash directly overhead at night. 
Since the density of the atmosphere rapidly 
decreases with altitude, the filtering action 
of air in a vertical direction is limited and 
would be insufficient to protect an ob- 
server with fully dilated pupils. In this 
case, an atomic flash would be expected 
to cause permanent visual scotomata in 
all observers without protective glasses. 
This effect would be independent of the 
altitude of the burst, until the visual angle 
subtended by the fireball became less than 
about 10-12 minutes of arc. For a nominal 
weapon, with use of data from atmospheric 
detonations, this limiting altitude would be 
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of the order of 75 miles. Since this is 
based on the most conservative figures, 
the actual limiting “safe” altitude would 
probably be from 5 to 10 times this figure. 


Summary 

With use of a high-intensity light source 
to produce chorioretinal lesions in the eyes 
of rabbits, cats, and guinea pigs, we de- 
termined, at different levels of retinal ir- 
radiance, the exposure time which produced 
an ophthalmoscopically visible lesion it 
was found that at irradiance levels greater 
than 2 cal. per square centimeter per second 
a radiant exposure of 1.0 cal. per square 
centimeter produced a threshold lesion. At 
irradiance levels less than 0.7 cal. per square 
centimeter per second lesions could not be 
produced at any exposure time through 
10 seconds. Histological data on the nature 
of the lesions and course of healing are 
presented and discussed. 

Mr. Joseph Basso assisted in construction of 
the apparatus and during the experimental pro- 
cedure. Miss Marilyn Aldrich assisted during the 
experimental procedure. 


Department of Radiation Biology, University 
of Rochester (20). 
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Electromyography of Human Saccadic Eye Movements 


EDWARD TAMLER, M.D.; ELWIN MARG, Ph.D.; ARTHUR JAMPOLSKY, M.D., San Francisco, and 


ILSE NAWRATZKI, M.D., Jerusalem 


The purpose of this paper is to report 
the results of an electromyographic study 
of saccadic movements (rapid versions) 
performed during a previously reported 
study of coactivity of the human extraocular 
muscles.! The technique employed has been 
previously described? 

During a saccadic eye movement in any 
direction, there is increased electrical activ- 
ity of all muscles except the one reciprocally 
inhibited by the required movements, The 
evidence for this is as follows: 


In Figure 1, the arrows from above 
indicate the start of horizontal saccades, 
the first to the left, the second to the right. 
During each saccade, there is increased 
electrical activity in both vertical recti, sug- 
gesting cocontraction. The agonist during 
the first saccade (right medial rectus) 
manifests increased activity. After the sac- 
cade the activity of each of the muscles 
returns to the level required by the final 
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position of the eye. The first muscle chan- 
nel (right lateral rectus) should be disre- 
garded for the time being. It is not working 
because of a poor insertion. 

Cocontraction is defined as a simultane- 
ous contraction of muscles +*/hich are 
normally antagonistic in their primary field 
of action. The apparent coactivity of the 
vertical recti and the increased activity of 
the agonist during the saccade, as in Fig- 
ure 1, could not be immediately accepted 
because of the many artifacts inherent in 
electromyography of the extraocular mus- 
cles.* It is necessary to differentiate actual 
sustained motor unit activity from possible 
artifactual activity. We have seen how 
artifacts resulting from blinking (arrows, 
Fig. 2) can grossly suggest short bursts 
of motor unit activity. But blink responses 
are shorter in duration than the saccadic 
response and, in addition, characteristically 
give rise to slower potentials which appear 
as shifts in baseline (Fig. 2). Returning 
to Figure 1, we suspect that the potentials 
in Channel 1 during the saccade are 
artifactual, since we know we have a very 
poor insertion in the lateral rectus. We 
have evidence of its artifactual character 
rather than its being unit activity in that 
the medial rectus is inhibited during the 


Fig. 1—The arrows 


indicate start of a sac- 
cade, the first to the left, 
the second to the right. 
Channel 1 (right lateral 
rectus) is a poor inser- 


tion and not recording 
properly. Calibration is 
at left, and time scale is 
on bottom channel. Note 


increased activity of agonist (right medial rectus, first saccade) and auxiliary muscles (right superior 


and right inferior rectus) during the saccade and artifactual activity of first channel. 


shown here also applies to Figures 2, 3, and 4 


Time scale 


147/657 


2 
«4 +R.Med R. 
=+R.Sup.R. 
_ 
ig 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


=R.LotR. 


second saccade in Figure 1. Here, with a 
good insertion, no simulated activity oc- 
curs, If the apparent surge of activity in 
the agonist and auxiliary muscles were an 
artifact, then one would also expect the 
inhibited muscle (right medial rectus, sec- 
ond saccade, Fig. 1) to exhibit a similar 
increase in “activity.” Further evidence is 
shown in Figure 3, in which there is no 


Fig. 3.—Arrows indi- 
cate start of saccades, 
first to left; second to 


2.—Arrows in- 


Fig. 
dicate eyelid blink. Note 
artifactual shifts in base- 
line and short bursts of 


“pseudoactivity’ with 


each blink. 


lateral rectus) shows a sustained typical 
burst of motor activity during a saccade 
as compared to the irregular artifactual 
activity picked up by conjunctival electrodes 
inserted near but not into the vertical recti 
(Channels 3 and 4, Fig. 4). 

Further elucidation of the nature of the 
apparent increased electrical activity in all 
muscles except the inhibited ones during a 


right. Left medial rectus 
has a_ procaine-induced 
paralysis. Note increased 


activity of agonist (left 
lateral rectus, first sac- 
cade) and cocontraction 
of auxiliary (left su- 


perior rectus) during saccades but no activity, artifactual or otherwise, from electrode in procainized 


artifactual activity during saccades (arrows) 
in a procainized muscle (Channel 2 *) or in 
a muscle with a poor insertion (Channel 4). 
Furthermore, in Figure 4 the agonist (left 


* The left eye actually moves to the right despite 
procaine-induced paralysis of the left medial 
rectus. A discussion of the possible reason for 


movement of this eye in face of paralysis of the 
agonist is outside the scope of this paper. 


Fig. 4—Arrow indi- 
cates start of saccade to 2 
the left. Channel 1 repre- © 
sents standard electrode 
inserted into left lateral 
rectus. Channels 2 and 3 


a 


muscle, Channel 4 (left inferior rectus) is a poor recording because of poor insertion. 


saccade is obtained by running the record- 
ing film at high speed during eye move- 
ments. Artifacts, such as occur with a 
blink, appear mainly as a succession of 
large shifts in baseline on high speed re- 
cording (Fig. 5). On the other hand, the 
trace of the agonist (Fig. 6) or auxiliary 
muscles (Fig. 7) during a saccade reveals 
a surge of typical motor unit activity. 


Conj. L.Inf.R. 


Conj. L.Sup.R. 


represent standard elec- ~ 

trodes inserted under con- 
junctiva near left inferior ~ . 
rectus and left superior 


rectus. Compare sustained activity in the agonist (left lateral rectus) with the artifactual irregular 


changes in 
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Fig. 5.—Fast film speed recording (1.5 meter per second) of a blin 


k. It consists mainly 


of a series of large baseline shifts. Time scale here also applies to Figures 6, 7, and 


Bjork * also noted increased activity of an 
auxiliary muscle, the inferior oblique, dur- 
ing rapid horizontal movements of the eye. 

Therefore, we can conclude that during 
a saccade there is a burst of activity 
in the agonist, complete inhibition of 
the antagonist, and coactivity of the 
auxiliary muscles.t After the saccade is 

+ Because of the practical anatomical difficulty 
in obtaining a successful insertion into the superior 
oblique muscle under normal conditions, we make 


the likely assumption that this muscle behaves as 
do the other auxiliary muscles. 


Waris 


completed, all of these muscles appear to 
return to the level of activity that they 
would normally assume for that position of 
the eyeball. 

The duration of saccades of varying 
degrees of excursion can be measured by 
combining electro-oculography (EOG) § 
with electromyography as in Figure 6. One 
need only measure the time elapsed between 
the start and the end of the slope of the 
EOG trace. This can be readily accom- 
plished with the long and gently rising 


Pan 


SA mS, 


Fig. 6—Fast film speed recording (2 meters per second) of agonist during a 26-degree 


saccade. 


reference line with which EOG slope can 


Arrows indicate start and end of saccade. 
essentially unchanging motor unit saccade, 
compared. 


Lower trace is EOG. Note increased, 


The dash line is a horizontal 


Fig. 7—Fast film speed recording (2 meters per second) of an auxiliary muscle (right 
medial rectus) during a vertical saccade. Arrow indicates start of saccade. Note increased 
activity (cocontraction) of right medial rectus during saccade. 
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Duration, 
Msec. 


Mean 
Deviation * 


35.7 1.2 
51.8 49 
68.5 

100.9 1.9 


* Mean deviation equals the sum of the deviations, ignoring 
the sign, of each measurement from the mean, divided by the 
total number (N) of measurements. 


EOG trace obtained with fast film-sweep 
speeds (2 m. per second in Fig. 6) and a 
D. C. amplifier. Average durations for 
various degrees of excursions obtained 
from repeated measurements in two sub- 
jects are listed in the Table. 


Fast-film-speed electromyography directly 
confirms Westheimer’s analysis which 
shows that saccadic eye movement is not 
ballistic. Braking or stopping of the move- 
ment does not come about by decreased 
contraction of the agonist and active in- 
creased contraction of the antagonist to- 
wards the end of the movement as seen 
in Figures 6 and 8, where there is no ap- 
parent decrease in activity of the agonist 
during the saccade (Fig. 6) and no record- 
able increase in activity of the antagonist 
during the length of the saccade (Fig. 8). 


A recent paper on this same subject? 
implies that there are two parts to a sac- 
cadic movement, an initial burst of activity 
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in the agonist followed by a more uniform, 
orderly, pattern of motor unit activity. Ex- 
amination of our high-film-speed saccade 
tracings reveals no apparent variation in 
unit activity during the saccade. Comparing 
the durations of the initial bursts recorded 
in the other paper (30 to 150 msec. for 
saccades of 2.5 to 40 degrees) with the 
saccade duration reported above in the 
Table, it is likely that what this recent 


paper describes as an initial burst is the 
entire saccade which is then followed by 
the level of sustained activity for that posi- 
tion no matter how the eye gets there. 
Neither do we find evidence of a second 
saccade following initial saccades of more 
than 15 degrees, as reported. 


Summary 

During a saccade or rapid version move- 
ment of the eye, there is a heightened burst 
of activity of the agonist, inhibition of the 
antagonist, and coactivity of the auxiliary 
extraocular muscles. 

The duration of saccades of different 
degrees of excursions has been measured 
by recording simultaneously electro-oculog- 
raphy and electromyography. 

Evidence is presented to show that sac- 
cadic eye movements are not ballistic. 


Assistance was contribute’ by William Houwel- 
ing, electronics engineer; Wilmer Renner, photog- 
rapher, and Niles Roth, B.A., M.O. 


Stanford University Hospital, Clay & Webster 
Sts. (15). 


Fig. 8.—Fast film speed recording (2 meters per second) of the inhibited antagonist during 


a saccade. 


Arrows indicate start and end of saccade. 


Note no significant increase in activity 


during saccade. The dash line is a horizontal reference line for comparison with EOG slope. 
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Tryptophan-Deficiency Cataract in Guinea Pigs 


LUDWIG von SALLMANN, M.D.; MARY E. REID, Ph.D.; PATRICIA A. GRIMES, B.A., and 


ELEANOR M. COLLINS, Bethesda, Md. 


Lens opacities have been described in 
rats on diets deficient in one of several es- 
sential amino acids. Such observations 
appear firmly established in tryptophan, 
phenylalanine, valine, and histidine defici- 
ency; questionable when threonine or iso- 
leucine were withheld from the diet, and 
negative in rats on diets lacking in methio- 
nine or arginine.’® The frequency, course, 
and histology of the lenticular changes have 
not been sufficiently studied with the ex- 
ception of the tryptophan-deficiency cataract. 
Here, the original observation of Totter and 
Day! and the detailed biomicroscopic de- 
scription of the lesion by Buschke* were 
confirmed and extended by histological ex- 
aminations of Ferraro and Roizin.* Later 
an attempt was made in this laboratory to 
analyze the effect of tryptophan deficiency 
on cell division and cell degeneration in 
the lens epithelium of rats,® but the small 
number of survivors in our series prevented 
the accumulation of sufficient data. Since 
guinea pigs can be maintained on a trypto- 
phan-deficient diet for many months and 
develop early cataract, this laboratory animal 
is better suited for such an experiment. 
Moreover, the larger size of the guinea 
pig lens facilitates the analysis of the slit- 
lamp picture and the microscopic examina- 
tion. The present investigation was 
undertaken for these reasons and also in 
view of the possibility of studying quantita- 
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tively the tryptophan requirement for se- 
curing clearness of the lens over long 
periods.* 


Materials and Methods 


Male guinea pigs of the Hartley strain 
were placed on the experimental diet when 
they were 3 to 5 days old. The basal diet 
contained 0.1% L-tryptophan and was com- 
posed of the following ingredients in per- 
centage amounts: purified soybean protein 
(Drackett), 10; gelatin, 10; corn oil, 7.3; 
sucrose, 10.2; cellophane spangles, 15 ; corn- 
starch, 20; cerelose, 13.9; potassium aceiate, 
2.5; magnesium oxide, 0.5; salts, 6; choline 
chloride, 0.2; ascorbic acid, 0.2; inositol, 
0.2; a mixture of eight essential amino acids 
(no arginine or tryptophan) plus glutamic 
acid, cystine, and tyrosine, 4.0, and liberal 
amounts of vitamins.t The guinea pigs were 
divided into several groups, one of which 
was fed the basal tryptophan-deficient diet, 
while the remaining groups were fed the 
basal diet plus varying supplements of 
tryptophan. These supplements ranged from 
0.02% to 0.1%. 

Weight and appearance of the animals 
were recorded weekly. Biomicroscopic ex- 
aminations were also carried out at weekly 
intervals with the Goldmann slit lamp under 
x 20 magnification. Both eyes from 136 
guinea pigs used in this experiment were 
enucleated, imbedded in celloidin, and 


stained with hematoxylin and eosin. 


*A review of the morphology, physiology, and 
pathology of the lens epithelium presented at the 
XVIII International Congress of Ophthalmology, 
Brussels, Sept. 8-12, 1958, contains a preliminary 
report of the histologic changes in tryptophan- 
deficient guinea pigs. 

+ This diet is discussed by Dr. Reid in another 
article. 
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Early histological changes were studied in 
groups of animals killed one and two weeks 
after the experimental diet was started. The 
major portion of the series of animals was 
killed at intervals of from 4% to 14 weeks. 
A cytologic study of the lens epithelium 
in whole mounts had to be omitted, because 
the separation of the epithelium from the 
surface of the lens cortex after the Feulgen 
reaction cannot be achieved in young guinea 
pigs. 

To amplify previously reported observa- 
tions on the rat lens epithelium several lit- 
ters of rats (52 animals) were placed on 
tryptophan-deficient diets of various types 
and were observed biomicroscopically. Nine 
weeks after feeding began the eyes were 
enucleated. All right eyes were prepared 
for cytologic examination of the lens 
epithelium in whole mounts after being sub- 
jected to the Feulgen technique. The left 
eyes were used for histologic studies, and 
the results were compared with those ob- 
tained in guinea pigs. 


Results 


Clinical Observations—All animals 
gained weight while on the basal diet con- 
taining 0.1% L-tryptophan, although their 
growth rate was moderately decreased to 
three-fourths that of normal. Most guinea 
pigs initially lost hair to different degrees. 
This partial or almost complete alopecia 
was transient. New fur developed despite 
continued feeding of the tryptophan-deficient 
diet. 

Biomicroscopic Observations.—The first 
changes were observed in one-third of the 
animals (7 out of 21) one week after they 
were placed on the experimental diet. At 
the two-week interval about four-fifths of 
the guinea pigs (20 out of 24) showed 
incipient lesions. All of the animals on this 
diet developed cataract when the experiments 
were continued longer. The earliest signs 
of fiber damage consisted of fine subcapsular 
diffuse or striate silky opacities in the 
posterior cortex and, less frequently, of 
delicate lines or nets near the surface of 
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Fig. 1—Guinea pig eye with advanced stage of 
tryptophan-deficiency cataract. The cataractous 
process does not involve the superficial layers of 
the cortex. A clear part of the lens is seen between 
the margin of the iris and the perinuclear opacity 
in the upper part of the photograph. 


the anterior cortex. This change produced 
occasionally a diffuse moiré effect. In a few 
instances the lesions centered around the 
suture system. Vacuole formation and the 
development of distinct gray flaky changes 
were rare occurrences, 

After four weeks the cataractous changes 
assumed a more characteristic pattern. They 
then involved predominantly the perinuclear 
zone and were often clearly connected with 
the suture system. Grayness of the anterior 
suture lines and signs of a marked difference 
of refractive index between the nuclear and 
cortical portion were noted at this stage. 
Total reflection of the light beam at the 
equator of the nucleus created a picture 
similar to that seen at the lens equator 
in subluxation of the human lens (Fig 1). 

In the following weeks a perinuclear shell- 
like opacity became progressively more pro- 
nounced and subsequently extended to the 
surface of the lens cortex leading to the 
development of total cataract. The involve- 
ment of various parts of the lens and the 
onset of the first changes differed some- 
what among animals of the same group, 
but the over-all nature of the advancing 


opacification was not altered by such varia- 
tions. 


Histologic Observations.—Histologic ex- 
amination was performed on 12, thick 
sections of celloidin-imbedded eyes. Except 
for corneal vascularization in a great num- 
ber of preparations, there were no abnormal 
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Fig. 2.—Incipient fiber hydrops at an anterior 
suture, two weeks after the experimental diet was 
started. Guinea pig; hematoxylin and eosin, phase 
contrast; < 504. 


findings in parts of the eye other than the 
lens. The changes seen in animals which 
had been on the deficient diet for one and 
two weeks can be grouped into two cate- 
gories. First, the ends of the lens fibers at 
the site of the sutures frequently exhibited 
hydropic swelling in the anterior and pos- 


Fig. 3.—Incipient subcap- 
sular changes in the poste- 
rior cortex, two weeks after 
the deficient diet was started. 
Later this cortical layer re- 
sumes a normal appearance. 
Guinea pig; hematoxylin and 
eosin, phase contrast; X 504. 


terior cortex (Fig. 2). The second change 
consisted of well-delineated round or oblong 
formations of granular structure which lined 
the posterior capsule (Fig. 3). Most likely 
this lesion represents cross sectioned hy- 
dropic fibers and may be the correlate of 
the silky opacification seen with the bio- 
microscope. The lens epithelium including 
the germinative zone and the bow nuclei 
appeared normal, although some irregular- 
ities in the distribution of deep-seated bow 
nuclei and an increase of the involutionary 
changes of these nuclei in deeper cortical 
layers might have significance. In two in- 
stances the histopathology differed from the 
typical picture. Circumscribed epithelial 
proliferations were observed in one eye at 
the subcapsular end of an anterior suture 
(Figs. 4 and 5). Some fibers joining there 
were hydropic. In another animal, large 
cystic spaces and smaller vacuoles were lo- 
cated in the deeper layers of the posterior 
cortex. 


At the four-week interval and later, swell- 
ing of fibers in the perinuclear area was 
the predominant change. The loss of the 


fine striation and the increase of the fiber 
volume were most frequently observed near 
the sutures, although occasionally they did 
occur at other sites underneath the capsule. 
At a later phase, the involved parts of 
neighboring fibers confluated and disinte- 
grated to homogenous granular clumps, 
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Fig. 4—Hydropic fiber swelling in deep layers 
of the anterior cortex, extending forward along a 
suture, two weeks after the deficient diet was 
started. The epithelium around the end of the 


suture shows pon ng multiplication. Guinea pig; 


hematoxylin and eosin, phase contrast; 504. 


particularly in deeper layers of the anterior 
cortex in an area around the lens axis 
(Fig. 6). The damage progressed along 
the suture forward to the anterior surface 
and especially to the anterior pole (Fig. 7). 
This lesion assumed later on cross section 
a triangular shape consisting of granular 
debris. In the posterior cortex similar de- 
composition of lens fibers was located in 
supranuclear and middle layers, whereas 
subcapsular portions had reassumed the 
normal anatomical characteristics. The 
sharp line of demarcation between the cor- 
tical and nuclear portion which was de- 
scribed in the biomicroscopic picture was 
well demonstrated histologically and accen- 
tuated when phase contrast microscopy was 
used on these sections (Fig. 8). 

When cataractous changes advanced fur- 
ther the involvement of the cortex and 
nucleus proceeded in the usual pattern. The 
feature which did distinguish this cataractous 
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process from other histologically examined 
forms of experimental lenticular opacities 
(cataracts due to ionizing radiation or treat- 
ment with myleran, galactose, alloxan, and 
mimosine) was the preservation of the 
equatorial tissue elements, including the ger- 
minative epithelium, the bow cells, and the 
fibers. Thus even when destruction of the 
cortex was extensive the architecture of 
the equatorial area and the histological 
characteristics of composing structures re- 
mained undisturbed as shown in Figure 9. 

The epithelium could not be examined 
in flat mounts. The changes which can be 
discerned only with this technique may have 
escaped the study of the histologic sections. 
For this reason additional series of experi- 
ments were conducted on rats and will be 
reported subsequently. The epithelium of 
the guinea pig lens underwent multiplica- 
tion at circumscr@ped sites near the location 
of sutures, particularly around the anterior 


Fig. 5.—Knob-like proliferation of the lens 
epithelium at the ending of an anterior suture, two 
weeks after the deficient diet was started. The 
fiber hydrops here is not seen as well as in adjacent 
sections. Guinea Pig: hematoxylin and eosin, phase 
contrast; >< 504 
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Fig. 6.—Decomposition of fibers to clumped 
homogeneous masses in the deep axial part of 
the anterior cortex, six weeks after deficient 
diet was started. This change later progresses 
and forms, on cross section, a wedge-shaped 
granular mass. Guinea pig; hematoxylin and 
eosin, phase contrast; >< 504. 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Fig. 7.—Coalescence and aggregation of dis- 
integrated fiber cytoplasm near the anterior 
pole of the lens nucleus, extending forward 
along a suture line. Guinea pig; hematoxylin 
and eosin, phase contrast; 504. 
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Fig. 8—The hydropic fibers of the super- 
ficial and deep part of the lens cortex are di- 
vided by a sharp line. Guinea pig; hematoxylin 
and eosin, phase contrast; < 504. 


Fig. 9—Normal lens equator overlying ad- 
vanced perinuclear and nuclear cataractous 
changes, eight weeks after deficient diet was 
started. Guinea pig; hematoxylin and cosin, 
phase contrast; X 112. 
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pole of the lens. This was mentioned as a 
rare finding at the two-week interval but 
occurred more frequently at later stages. 
The sometimes extensive proliferation and 
formation of multilayered patches or knobs 
seemed to take place when the decomposed 
cortical matter around the sutures reached 
or approached the epithelium. Figure 4 illus- 
trates such epithelial proliferation, which 
was considered as a response to a stimulus 
connected with disintegration of cortical 
fibers. The epithelial changes might be the 
histologic counterpart of the gray plaques 
visible in vivo with the slit lamp at the super- 
ficial terminations of sutures. The fine lines 
and delicate nets observed with the biomi- 
croscope during the earliest stage of damage 
were not identified in the sections. 
Tryptophan Requirements for Preserving 
Transparency of Lens.—Small supplements 
of tryptophan when added to the basic diet 
which contained 0.1% of the amino acid 
clearly influenced onset and extent of the 
cataractous changes in most animals. As 
little as 0.02% tryptophan caused the 


Cataractous Changes Varying with Tryptophan 
Content of Diet * 


Time After 


Tryptophan Supplement 
Start of ~~ 


Diet, Wk. +0.02% +0.08% +0.05-+0.1% 


4% 


ececooo 


* Suggestive, +; incipient, ++" extensive, +++; far ad- 


vanced, ++++. 
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growth curve of the animals to approach 
that of normal. For semiquantitation of the 
effects on the lens the severity of the lesions 
was graded arbitrarily on the basis of the 
biomicroscopic and of the histologic ap- 
pearance as suggestive (+), incipient 
(++), extensive (+++), and far ad- 
vanced (++++). The Table shows the 
dependency of the cataractous processes on 
the quantities of the supplement. Since, as 
a rule, histologic changes were analogous to 
biomicroscopically observed signs of damage, 
both are tabulated together. Of the various 
tryptophan supplements fed, that is, 0.02%, 
0.03%, 0.05%, 0.06%, and 0.1%, only the 
experiments in which 0.02%, 0.03%, and 
0.1% were added to the basic diet were 
used in the Table, because these groups 
comprised a sufficient number of animals. 
Those animals receiving the basal diet 
showed incipient to advanced lens changes 
even at one or two weeks and uniformly at 
four and one-half weeks, while at six and 
eight weeks cataracts were extensive or far 
advanced. It is apparent from the Table that 
the supplement of 0.02% afforded some 
protection, since the lens changes observed 
in these animals at all time intervals were 
considerably less widespread than those of 
the guinea pigs on the basal diet. As late 
as eight weeks only two of five guinea pigs 
in this group had extensive cataractous 
changes, while the lenses of the remaining 
three were classified as suggestive, incipient, 
and normal. An increase of the supplement 


Fig. 10—Rat eye, four weeks after deficient diet 
was started. The strongly reflecting contour sepa- 
rates the lens nucleus and the clear cortex. The 
cornea shows vascularization. 
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to 0.03% appeared to be proportionately 
more effective in protecting against opacities, 
since at eight weeks five of nine animals 
had clear lenses, while the remaining four 
had only suggestive changes. With 0.1% 
tryptophan added to the diet, no opacities 
developed. In general, the results of his- 
tological examination were in good agree- 
ment with those obtained by biomicroscopy 
and thus supported the reliability of the 
in vivo study. 

Observations on Rats Fed a New Trypto- 
phan-Deficient Diet—In a previous study ® 
conducted on rats in this laboratory the high 
death rate of the animals fed the tryptophan- 
deficient diet of Totter and Day ! precluded 
prolonged experiments. During the first two 
weeks the effect of feeding this diet consisted 
of a moderate depression of cell division 
in the lens epithelium, which was followed 
by a similar slight increase of the mitotic 
activity also lasting two weeks. After six 
weeks cataractous changes developed, and 
at this time the number of dividing cells 
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apparently tended to decline. However, only 
a few animals survived till the later stages. 
Throughout the duration of the experiment 
signs of cell degeneration in the lens epithe- 
lium were absent. 

To further these investigations several 
new diets have been used to produce tryp- 
tophan deficiency in rats. Although the 
results and discussion of the experiments 
will be reported later when more data have 
been collected, observations of one series of 
animals are described here to compare the 
histologic and cytologic changes in rats and 
guinea pigs. The basal diet was of the fol- 
lowing percentage composition: purified soy- 
bean protein (Drackett), 5; gelatin, 5; corn 
meal, 40; corn oil, 10; sucrose, 27.4; salts, 
6; choline chloride, 0.1; inositol, 0.1; amino 
acid mixture, 1.4, and liberal amounts of 
vitamins, The total tryptophan content of 
this diet was approximately 0.08%. Sprague- 
Dawley rats were started on the experi- 
mental diet at 25 days of age. A control 
group received the basal diet, to which 


Fig. 11—Wedge-shaped granular matter 
around anterior pole of lens nucleus, nine weeks 
after the deficient diet was started. Rat; hema- 
toxylin and eosin, phase contrast; >< 504. 
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Fig. 12.—Same lens as 
in Figure 11, equatorial 
area of normal morphol- 
ogy. Hematoxylin and 
eosin, phase contrast; re- 
duced about 10% from 
mag. < 504. 


0.2% tryptophan was added. The animals 
were observed for nine weeks. 

Biomicroscopically gapping of suture lines 
and a fine diffuse opacity in the posterior 
cortex were noted after four weeks in the 
animals on the deficient diet. Two weeks 
later a difference of the refractive index 
between cortex and nucleus was the 
most striking feature (Fig. 10). Lens opaci- 
fication subsequently developed and_pro- 
gressed predominantly in the perinuclear 
area and assumed a pattern which resembled 
that observed in guinea pigs. 

Histologically the changes in the rat lens 
were also similar to those in the guinea pig 
lens. The involvement of deep layers with 
decomposition of the fiber cytoplasm around 
the anterior pole resulted again in the for- 
mation of a wedge-like lesion of amorphous 
granular texture spreading forward along 
the suture line (Fig. 11). Here, as in the 
guinea pigs, the cellular elements in the 
equatorial area retained their integrity de- 
spite the severe changes in the cortex and 
lens nucleus (Fig. 12). 

When the whole Feulgen-treated lens was 
bisected and examined under low magnifi- 
cation, the zone of bow nuclei appeared 
broadened and showed irregularities which 
suggested partial migration of the nuclei 
backward. 

The examination of the lens epithelium 
in flat mounts after nine weeks confirmed 
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previous results. The mitotic counts were 
decreased by about 25% when compared 
with the counts on control animals (95:125 
mitoses per preparation), Even in this late 
stage no signs of nuclear fragmentation 
or other forms of nuclear degeneration were 
apparent under the light microscope. 


Comment 


Guinea pigs have not been used in the 
past for investigating lens changes in trypto- 
phan deficiency. Data on the histopathology 
of the lens of deficient rats have been pro- 
vided by Ferraro and Roizin.® Five to 
eleven weeks after the animals had been 
placed on the experimental diet these in- 
vestigators observed hydropic changes in 
the lens fibers of the cortex and sometimes 
vacuole formation; later, degenerative 
changes of the fibers progressed and led 
to disintegration of cortical, perinuclear, or 
nuclear structures. Occasionally the damaged 
parts assumed a lamellar, surface-parallel 
orientation or were patchy in appearance. 
The most remarkable observation in trypto- 
phan-deficient cataract, the preserved equa- 
torial tissue components, was not mentioned. 

In the present study the sequence of 
biomicroscopic and histologic lens changes 
in guinea pigs resembled those seen in 
rats. However, in contrast to the actual 
loss of weight found in rats on the diet 
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of Totter and Day, the guinea pigs on a 
diet containing 0.1% tryptophan grew rel- 
atively well. Nevertheless, the tryptophan- 
deficient guinea pigs developed cataractous 
changes earlier than the rats and lenticular 
damage progressed despite continued 
growth. 


With the tryptophan supplement of 0.02% 
there was practically normal growth, al- 
though incipient lens opacities developed in 
all animals and were extensive in some. 
With the addition of 0.03% tryptophan to 
the diet containing 0.1% of the amino acid 
a level was reached at which the lens damage 
was reduced to occasional fiber hydrops at 
various sites of the cortex; pronounced dis- 
integration of the cytoplasm and advanced 
cataract appeared toward the end of the 
14 weeks of observation. Thus the pro- 
tection of the clear lens by the supplements 
gradually increased with the dose and was 
absolute for the observation period when 
0.1% tryptophan was added to the basal 
diet. 


In both species incipient hydropic swell- 


ing involved the subcapsular ends of the 
fibers at their junction along the suture 
systems. The bow nuclei belonging to these 
fibers did not visibly deviate from the nor- 
mal either in morphology or in their posi- 
tion within the sweep of the lens bow. 
Occasionally in the rat the bow nuclei ap- 
peared to fan out into deeper parts of the 
lens and exhibited varying signs of degen- 
eration. The germinative epithelium was of 
normal appearance. ‘he gray suture lines 
seen at an early stage in the superficial 
cortex of guinea pigs may be the biomicro- 
scopic counterpart of the hydropic change 
of the fiber ends, and the gapping of sutures 
in the rat anterior cortex might express 
the fact that the growth has stopped at the 
fiber terminations. Extensive cytoplasmic 
damage seemed to take place first in the 
deeper layers of the cortex, giving rise to 
perinuclear lesions which are unknown in 
other types of histologically studied experi- 
mental cataracts. It has been described that 
lens opacities produced by ionizing radia- 
von Sallmann et al. 


tion or radiomimetic drugs involve first the 
equatorial epithelium, the bow nuclei, and 
the equatorial young fibers. In galactose 
and alloxan cataract the young lens fibers 
in front of the lens bow succumb first to 
the toxic effect.? In mimosine cataract the 
germinative epithelium seems to be singled 
out for early destruction.” 


Recovery experiments have not been car- 
ried out on guinea pigs, but the observations 
of Ferraro and Roizin® indicate that the 
cataractous changes regress and the damage 
due to the amino acid deficiency did not 
advance when adequate tryptophan was pro- 
vided. A similar course of recovery was 
observed in galactose cataract.® 


Summary 
Young guinea pigs fed a tryptophan-de- 
ficient diet containing 0.1% of the amino 
acid develop incipient cataractous changes 
one or two weeks after the feeding is started. 
The first histologic lesions consist of hy- 
dropic swelling at the ends of the fibers, 
particularly at the sutures. Later the histo- 


_ pathology involves the deep cortex and 


spreads from here along the suture towards 
the surface. 

Lens epithelial cells do not undergo de- 
generation, although they may multiply 
around the sutures. All components of the 
lens equator preserve their morphologic in- 
tegrity in the presence of advanced cataract 
in contrast to any other experimental cataract 
studied so far. 

Small supplements of tryptophan added 
to the basal deficient diet delay onset and 
prevent extensive lenticular damage. When 
the supplements are increased to about 0.1% 
cataractous changes do not develop. 


Whereas rats suffer loss of weight on 
tryptophan-deficient diets which cause cat- 
aract, guinea pigs on the diet used in this 
study grow at a rate which is only mod- 
erately decreased, yet they rapidly develop 
lenticular changes. 

Ophthalmology Branch, National Institute of 


Neurological Diseases and Blindness, National In- 
stitutes of Health (14). 
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Effect of Demecarium Bromide (BC 48) on 
Intraocular Pressure in Man 


S. M. DRANCE, M.B., F.R.C.S. (Eng.), Saskatoon, Sask., Canada 
With the Technical Assistance of F. Carr, B.Sc., F.B.0.A. (Hons) 


It is now widely held that the treatment 
of chronic simple glaucoma should be con- 
servative, because it is realized that the 
surgical results are very indifferent in this 
form of glaucoma as opposed to the angle- 
closure variety. Present-day research is 
directed toward finding the etiology of this 
condition and into the evolution of new 
remedies which may help the conservative 
control of glaucoma once it is established. 
While there is no universal agreement that 
the changes at the optic nerve head and 
the changes in intraocular pressure run in 
parallel, it is nevertheless agreed that a 
rise in the intraocular pressure is to be 
avoided, and, even though this does not 
always completely arrest the glaucomatous 
process, there is evidence to support the 
notion that control of the intraocular pres- 
sure constitutes the only known means by 
which the pathological process can be in- 
fluenced. 

A number of new powerful cholinester- 
ase inhibitors have been synthesized and 
have been reported from time to time to 
be very beneficial in the treatment of glau- 
coma. Diisopropyl fluorophosphate (DFP) 
was the first of these very powerful drugs 
and was reported on by Leopold.’ It has, 
however, a number of disadvantages, main- 
ly the lack of stability except in an oily 
solution and the fairly intense discomfort 
which the patients experience. Gittler and 
Pillat? have recently reported on the use 


Submitted for publication March 17, 1959. 

From the Glaucoma Clinic, University Hospital, 
University of Saskatchewan. 

Demecarium Bromide (BC 48, Humorsol) was 
supplied by Merck Sharp & Dohme Co., Ltd., 
Montreal. 


of a new cholinesterase-inhibitor, demecar- 
ium bromide. Decamethylene bis-(m-di- 
methylaminophenyl N-m eth y1-carbamate) 
dimethobromide is water-soluble and stable 
for indefinite periods*; applied as an 
ophthalmic solution, it inactivates cholin- 
esterase. The resultant accumulation of 
acetylcholine produces miosis, some spasm 
of accommodation, vasodilation of con- 
junctival vessels, and an increased perme- 
ability of the blood-aqueous barrier. There 
is an accompanying drop in intraocular 
pressure. The local effects of the drug in 
the eye can be antagonized by the use of 
atropine with or without pyridine-2-aldox- 
ime methiodide (2-PAM).* 

The present study was designed to as- 
sess the ocular hypotensive effect of 
demecarium bromide in normal and glau- 
comatous eyes and also to evaluate the 
mechanism by which this hypotension is 
produced. 


Normal Eyes 


(a) Method—The group with normal 
eyes investigated consisted of patients ad- 
mitted for the treatment of squints and 
plastic conditions of lids, as well as some 
patients undergoing treatment in other de- 
partments. Glaucoma was excluded by 
tonography, diurnal tension curves, exam- 
ination of the fundus, and visual field 
studies. Tonography was carried out with 
a Mueller electronic tonometer and a 
Honeywell-Brown recorder and was cor- 
rected when necessary for scleral rigidity, 
which was estimated with the applanation 
tonometer and the 10 gm. Schietz weight 
with use of the 1955 Friedenwald calibra- 
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Eyes 


Intraocular Pressure, Mm. Hg 


Facility of Outflow, Cu. Mm/Min/Mm. Hg 


Treated Eye Untreated Eye Treated Eye Untreated Eye ts 
Before After Before After Before After Before After 
1 4 7 10 ll 0.26 0.37 0.22 0.23 
2 16.5 & 18 19 0.16 0.24 0.16 0.17 
3 13 gy 17 BY 0.21 0.44 0.25 0.22 
4 15 6 17 18 0.25 0.444 0.33 0.28 
5 15 4 15.5 14 0.17 0.34 0.26 0.22 
AV 14.6 6.8 15.5 154 0.21 0.37 0.24 0.22 
% Change —53 —0.64 +76 8 


tion. A drop of 0.25% or 0.1% demecarium 
bromide was instilled in one eye only, and 
three hourly tension checks were carried 
out during the day with a final reading 
at 10 p. m. and the first morning reading 
at 6 a. m. Tonographies were carried out 
at 24-hourly intervals, and the study was 
continued until the effect of the drug had 
worn off. The patient’s other eye acted 
as a control. 

(b) Results —Five nonglaucomatous pa- 
tients had one drop of 0.25% demecarium 
bromide instilled into one eye. All eyes 
treated with 0.25% demecarium bromide 
showed a very pronounced fall in the intra- 
ocular pressure. The untreated eyes, which 
served as a control, showed no more than 
the daily diurnal variation in pressure. The 


eye on BC 48 
Untreated Control 


Rise 


Fall 


Change in Intraocular Pressure in mms of Hg 


Fig. 1.—Effects of 0.25% demecarium bromide 
on the intraocular pressure in five nonglaucomatous 
eyes. 
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intraocular pressure started to fall after 
10 to 21 hours after the instillation of the 
drops. There was frequently a slight rise 
of pressure amounting to no more than 3 
to 4 mm. of Hg prior to the hypotensive 
phase. The average percentage fall of pres- 
sure was 53%, whereas the nontreated eye 
averaged a fall of less than 1%. All the 
treated eyes revealed a considerable in- 
crease in facility of outflow (C), the aver- 
age increase being 76%. The untreated eyes 
revealed a very slight decrease of facility 
of outflow during the same period of time. 
The results in these five persons are tabu- 
lated in Table 1 and Figures 1 and 2. 
Three patients had 0.1% demecarium 
bromide instilled into one eye; all three 
showed a profound fall in the intraocular 


ey Eye on BC 48 


03 oe | Untreated Control 


Fig. 2.—Effects of 0.25% demecarium bromide 
on the facility of outflow (C) in five nonglauco- 
matous eyes. 


Change in C in cubic mms/min/mm of Hg 
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TaBLe 2.—The Effect of 0.1% Demecarium Bromide on Intraocular Pressure 


in Normal 


Eyes 


Intraocular Pressure, Mm. Hg 


Facility of Outflow, Cu. Mm/Min/Mm., Hg 


Treated Eye 


Untreated Eye 


Treated Eye Untreated Eye 


Before After Before 


16 16 
10.5 5 
18 13 


14.6 


% Change 


After 


After After 


0.43 
0.30 


0.39 


pressure of the treated eye, whereas the 
untreated eye showed only the diurnal 
variation in intraocular pressure. Intraocu- 
lar pressure started to fall in five to six 
hours. The average fall in the treated eye 
was 65%; the average fall in the untreated 
eye was 10%. Tonographic studies revealed 
an increase in the facility of outflow in the 
treated eye which was very much higher 
than the slight increase in facility of out- 
flow in the untreated eye. The average 
increase in the facility of outflow of the 


treated eye was 105%; the average rise in 
the facility of outflow in the untreated eye 
was 14%. The results in the three patients 
are shown in Table 2 and Figures 3 and 4. 
The return to normal of intraocular pres- 
sures and facility of ou‘flow took place in 
from 60 to 96 hours. 


Eye on BC 48 
Untreated Control 


s of Hg 


'T] Change in Intraocular Pressure in 


g. 3.—Effects of 0.1% demecarium bromide on 
the intraocular pressure in three nonglaucomatous 
eyes. 


Drance 


(c) Side-Effects—Miosis commenced 
within one-half to one hour in the treated 
eye. The pupils became pinpoint and _ re- 
mained miotic for a longer period of time 
than the ocular hypotension. With the ex- 
ception of one patient, all treated eyes 
showed a fair amount of vasodilation. The 
patients had some blurring of vision owing 
to a change of their refraction toward 
myopia. Most patients had some discom- 
fort in the treated eye; some complained of 
headache in the overlying brow. One pa- 
tient showed a flare and cells in the an- 
terior chamber. No systemic side-effects 
were encountered in this group. In one 
patient the drop of demecarium bromide 
produced a considerable fall in the intra- 
ocular pressure during the day, but this 
was accompanied by a very considerable 


Eye on BC 48 
Untreated Control 


C in cubic mms/min/mm of Hg 


Change i 


Fig. 4—Effects of 0.1% demecarium bromide on 
the facility of outflow (C) in three nonglaucoma- 
tous eyes. 
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Fig. 5 Tension curve in a normal patient after a drop of 0.25% demecarium bromide. 


The treated eye showed a fall of intraocular pressure but exaggerated diurnal variations of 


pressure. 


exaggeration of the diurnal tension varia- 
tion, the affected eye showing pressures 
up to 31 mm. of Hg at 6 a. m. (Fig. 5). 
The peaks of tension completely vanished 
when the effect of the drug had worn off. 


Glaucomatous Eyes 


(a) Study.—Forty eyes with chronic sim- 
ple glaucoma not operated on were treated 
with 0.5%, 0.25%, and 0.1% of demecar- 
ium bromide. Most patients were started 
on the drug because of failure to control 
intraocular pressure with other miotics 
with or without the addition of carbonic- 
anhydrase-inhibitors. A few patients were 
started on demecarium bromide as_ the 
initial treatment. Two of the eyes showed 
absolute glaucoma. Eyes with angle-closure 


cent fall. 
is 


Intraocular Pressure after BC 48 


intravcular Preseure before bC 48 


intraccular Pressure in mms of Hg 
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Fig. 6.—Effects of demecarium bromide on intraocular pressure in 40 eyes with chronic 
simple glaucoma. The changes in intraocular pressure shown in millimeters 


Percentage Fall of intraocular Pressure 


glaucoma were not included in this study 
because experiences with similar drugs sug- 
gest some danger of using these drugs in 
this form of the disease. All patients were 
in hospital for diurnal pressure studies and 
stabilization. The fall of intraocular pres- 
sure recorded was the maximal reduction 
of intraocular pressure attained at equiv- 
alent times of day. Tonographic studies 
were carried out at 24-hourly intervals. 
The present study reports only on the 
hypotensive effect of demecarium bromide 
in glaucoma; a subsequent paper will deal 
with the problem of long-term control of 
this condition with the drug. 

(b) Results—Thirty-eight of the forty 
eyes treated with demecarium bromide 
showed a satisfactory drop in intraocular | 


g and as a per 
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Fig. 
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7.—Effect of demecarium bromide on facility of outflow (C) in 34 eyes with chronic 


simple a. The changes in (C) shown in cubic millimeters per minute per millimeter 


Hg and as a per cent change. 

pressure. The two eyes which failed to 
respond to the drug were both absolute 
glaucomatous eyes. Figure 6 illustrates the 
fall of intraocular pressure in the indi- 
vidual eyes tested. The average percentage 
fall of intraocular pressure in the 40 eyes 
was 48%. The first fall of intraocular pres- 
sure noted in the 40 eyes occurred after 
an average latency of 13 hours. The average 
time for the maximal fall of intraocular 
pressure to take place was 34 hours, Satis- 


factory tonographic studies were carried 
out on 34 of the 40 glaucomatous eyes. 
The average increase in the facility of out- 


flow was 121%. In four eyes there was 
no increase in facility of outflow in spite 
of the fact that there was a significant 
fall in the intraocular pressure. The tono- 
graphic changes are graphically presented 
in Figure 7. 

(c) Side-Effects—Side-effects in the 
glaucomatous group of patients were identi- 
cal with those already described for normal 
eyes. Demecarium bromide, 0.5%, caused 
fairly considerable local symptoms, and 
some of the patients showed systemic dis- 
turbance with nausea, vomiting, and some 
abdominal pain. In lower strengths, namely, 
0.25% and 0.1%, the side-effects were en- 
tirely ocular and except on very rare oc- 
casions did not necessitate cessation of 
therapy. The long-term tolerance of pa- 
tients to demecarium bromide will be dis- 
cussed in the paper dealing with long-term 
control of glaucoma with the drug. 
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Summary 

The effects of a new synthetic powerful 
cholinesterase-inhibitor, demecarium bro- 
mide, on the intraocular pressure in man 
are described. 

In the normal human eye demecarium 
bromide produced a very marked fall in in- 
traocular pressure which came on after 12 
hours of instillation and persisted for 
three to five days. Tonographic studies re- 
vealed a marked increase in the facility of 
outflow (C). 

Thirty-eight out of forty eyes with 
chronic simple glaucoma showed a signifi- 
cant and considerable drop in the intra- 
ocular pressure after instillation of 0.25% 
or 0.1% demecarium bromide. The two 
eyes which failed to respond were absolute 
glaucomatous eyes. 

Thirty of thirty-four eyes with chronic 
simple glaucoma showed a considerable in- 
crease in the facility of outflow on tono- 
graphic study. Three out of the four eyes 
which failed to show any increase in fa- 
cility of outflow showed a significant fall 
in the intraocular pressure. 

The hypotensive action of demecarium 
bromide was accompanied in the great ma- 
jority of normal and glaucomatous eyes 
by intense miosis, some spasm of accom- 
modation, vasodilatation of the conjunctival 
vessels, ocular discomfort, and headache in 
the brow overlying the treated eye. The 
unpleasant side-effects tended to wear off 
with continuous use of the drops. 


167/677 


| 
» 
os 
= 
a 
: 
Bras 
a 
> 
= 
= 


I want to thank Dr. R. G. Murray for his con- 
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Department of Ophthalmology, University of 
Saskatchewan. 
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The Effects of Ethoxzolamide (Cardrase) on 


Intraocular Pressure 


S. M. DRANCE, M.B., F.R.C.S. (Eng.), Saskatoon, Sask., Canada 


The carbonic anhydrase inhibitors, par- 
ticularly acetazolamide (Diamox), have be- 
come a standard adjunct in the short-term 
management of the glaucomas since they 
were first evaluated by Becker,’ in 1954. 
There are now numerous reports in the 
literature which indicate that long-term 
therapy is effective with these compounds 
without any obvious ill effect on the ocular 
tissues. The greatest number of failures 
in long-term control of the glaucomas with 
carbonic anhydrase inhibitors to date have 
been due to the large proportion of side- 
effects which have frequently necessitated 
cessation of therapy; only relatively few 
cases have become truly refractory. A num- 
ber of newer carbonic anhydrase inhibitors 
are being evaluated in a search for a more 
powerful inhibitor with minimal side-effects 
in the dosage required. 

Ethoxzolamide (Cardrase) is a new po- 
tent carbonic anhydrase inhibitor the use 
of which in ophthalmology has been re- 
ported on, particularly in the therapy of 
intraocular inflammation, by Gordon,? and 
in the treatment of glaucoma, by Posner.* 
This communication deals with the short- 
term effects of ethoxzolamide on intra- 
ocular pressure in normal subjects and 
patients with the various forms of glau- 
coma. The drug has been used in this 
clinic for just over one year, and this 
period was not considered long enough for 
a follow-up study of the use of this drug 
in the management of chronic simple glau- 
coma. Such a report is to follow. 

Submitted for publication Feb. 4, 1959. 

From the Glaucoma Clinic, University Hospital, 
University of Saskatchewan. 

Cardrase supplied by The Upjohn Company, 


Kalamazoo, Mich., who also supported the investi- 
gation with a grant. 


Ethoxzolamide is 6-ethoxy-2-benzothia- 
zole sulfonamide.* It is a pure white crys- 
talline solid, odorless and tasteless, It is 
practically insoluble in water and forms 
soluble salts with alkali. It is stable and 
nonhygroscopic. In vitro experiments show 
a 50% inhibition of carbonic anhydrase 
activity in a concentration of 2.7«10-8 
moles.* In vivo studies on animals showed 
excellent diuretic responses in doses of 2.5 
to 20 mg. per kilogram with an increase 
in urinary volume and urinary sodium and 
potassium excretion, These effects were 
highest for the first six hours after admin- 
istration. Toxicity studies yielded an acute 
LDso of greater than 1,000 mg. per kilo- 
gram. No drug-related organ lesions were 
found on subacute and chronic feeding ex- 
periments on animals at dose levels of 10 
to 100 mg. per kilogram.* 

In human subjects administration of 
ethoxzolamide has failed to show any 
organ sensitivity or drug-related lesion. 
There are side-effects, particularly with 
higher dosage, but these can be reduced 
in most cases by reducing the dose. The 
side-effects are similar to those reported 
with acetazolamide, but patients who do 
not tolerate acetazolamide often tolerate 
ethoxzolamide and vice versa. 


Normal Eyes 


A. Investigation —The action of a single 
dose of ethoxzolamide was studied in 52 
normal eyes. This group included medical 
students and patients seen because of other 
ocular disorders. Glaucoma was excluded 


by diurnal tension curves, tonographic 
studies, normal field studies, and normal 
appearance of the optic nerve head. The 
tension curves were such as to exclude pa- 
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Time after Administration of Cararase 


Fig. 1—Average fall of intraocular pressure, in 
millimeters of mercury, of normal eyes at time 
intervals after the administration of 125 mg. of 
ethoxzolamide. 


Hours 


tients with a marked diurnal variation 
which would interfere with the interpre- 
tation of results. All patients were hos- 
pitalized, and after the administration of 
a single dose of 125 or 250 mg. of ethox- 
zolamide the intraocular pressure was re- 
corded every 2 to 3 hours for 12 hours. 
Tonography was carried out between four 
to five hours after the administration of 
the drug and was recorded by means of a 
Mueller electronic tonometer and a Honey- 
well-Brown recorder, The calculations were 


Fig. 2.—Effect on in- 
traocular pressure in each 
of 28 normal eyes after 
125 mg. of ethoxzola- 
mide. Pressure changes 
shown in millimeters of 
mercury and also ex- 
pressed percentage 
changes. 
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corrected for scleral rigidity when this devi- 
ated markedly from normal, and the epi- 
scleral venous pressure (P,) was taken to 
be 11 mm. of Hg. 


B. Ethoxzolamide, 125 Mg.—Twenty- 
eight eyes were tested after the admin- 
istration of a single dose of 125 mg. of 
ethoxzolamide. Twenty-five eyes showed a 
fall in intraocular pressure, whereas three 
eyes exhibited either no fall or a slight rise 
after the administration of ethoxzolamide. 
The average fall, in millimeters of mercury, 
of the 28 tested eyes at various times after 
the administration of ethoxzolamide is 
shown in Figure 1. It can be seen that at 
two hours the intraocular pressure was 
somewhat lowered. The fall was maximal 
at 5 hours, diminished at 7 hours, and al- 
most negligible at 12 hours. The fall of 
intraocular pressure in millimeters of mer- 
cury and also the percentage fall of pres- 
sure in each individual eye tested is shown 
in Figure 2. The average fall in this group 
was 19%, 


C. Ethoxzolamide, 250 Mg.—Twenty- 
four eyes were studied after the adminis- 
tration of 250 mg. of ethoxzolamide orally. 
All the eyes showed a fall in the intraocular 
pressure. The average fall in millimeters of 
mercury at varying times after the drug is 
shown in Figure 3. The pressure at two 


hours was lower than the initial pressure. J 


CB siintraocular Pressure before Cardrase 
Pressure after Cordrase 
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ETHOXZOLAMIDE—EFFECTS 


Fall of intraoculor Pressure in mm of Hg. 
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Fig. 3—Average fall of intraocular pressure, 
in millimeters of mercury, of normal eyes at 
time intervals after the administration of 250 mg. 
of ethoxzolamide. 


The maximal fall of intraocular pressure 
took place five hours after ethoxzolamide 
administration and gradually decreased af- 
ter that. It was still well marked 12 hours 
after administration of the drug. The fall 
of intraocular pressure in millimeters of 


Fig. 4.—Effect on in- 
traocular pressure in each 
of 24 normal eyes after 
250 mg. ethoxzolamide. 
Pressure changes shown 
in millimeters of mercury . 
and also expressed as a 
percentage change. 


Intraocular Pressure in mm of Hg. 
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mercury and the percentage fall of pressure 
in the individual eyes tested are shown in 
Figure 4. The average fall amounted to 
27%. 

D. Effect on Aqueous Humour Dynamics. 

The effect of 125 and 250 mg. of ethox- 
zolamide on the aqueous humour dynamics 
in normal eyes is summarized in Table 1. 
From the results obtained it was evident 
that ethoxzolamide lowered the intraocular 
pressure by decreasing the aqueous humour 
formation by 40% after 125 mg. of ethox- 
zolamide and by 54% after the adminis- 
tration of 250 mg. of the drug. The aqueous 
humour dynamics of glaucomatous patients 
treated with this drug were not reported 
on because they were much more difficult 
to interpret, in view of the other forms of 
therapy which were employed concurrently 
with the use of ethoxzolamide. It was found 
that the facility of outflow (C) was not 
materially altered by the administration of 
ethoxzolamide. 


CB intraocular Pressure before Cardrase 
siintraocular Pressure after Cardrase 


18 9 15 3832 16 23 


Percentages of Fall in intraocular Pressure 


TABLE 1.—Effect of Orally Administered Ethoxzolamide on Aqueous Humour Dynamics * 


Cs Fi F; % oF 


* The figures given represent the average values obtained in the study on normal eyes. P ;, P : indicate intraocular pressures in 
millimeters of mercury before and four hours after administration of ethoxzolamide; C ;, C :, facility of outflow in cubic millimeters 
per minute per millimeter of mercury before and four hours after ethoxzolamide; F :, F :, aqueous flow in cubic millimeters per minute 
before and four hours after ethoxzolamide; % 4F, percentage fall of aqueous flow. 
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Fig. 5.—Effect on in- 
traocular pressure in each 
of 36 glaucomatous eyes 
after the administration 
of ethoxzolamide. Pres- 
sure changes shown in 
millimeters of mercury 
and also expressed as a 
percentage fall. 


66 75 61 60 SO 7/ 46 37 SO 35 66 40 58 40 35 35 23 3/ 3B 3B 45 54 54 54 40 40 25 0 37 


Percentage Fall of intraocular Pressure 


Glaucomatous Eyes 

A. Investigation.—Thirty-six glaucoma- 
tous eyes were included in the present 
study. These comprised 27 eyes with chron- 
ic simple glaucoma, 7 eyes with subacute 
angle-closure glaucoma, 1 eye with secon- 
dary glaucoma, and 1 eye with a post- 
traumatic glaucoma. Ethoxzolamide was 
used wherever miotic therapy was inade- 
quate in controlling the intraocular pressure 
throughout the 24 hours of the day or 
where peaks of intraocular pressure oc- 
curred in spite of miotic therapy. In a few 
cases ethoxzolamide was used because of 
an intolerance to acetazolamide. The dosage 
schedule employed in most cases was 250 
mg. of ethoxzolamide initially by mouth fol- 
lowed by 125 mg. of ethoxzolamide six- 
hourly. In a number of patients this dosage 
could be reduced to 62.5 mg. of ethoxzola- 
mide six-hourly. Whenever peaks of ten- 
sion were localized by the diurnal tension 
curve 125 mg. of ethoxzolamide was given 
five to six hours prior to the known peaks 
of intraocular pressure. Blood electrolyte 
studies were carried out prior to the admin- 
istration of ethoxzolamide therapy and 24 
hours after the commencement of ethox- 
zolamide therapy. These estimations were 
only carried out on the last few cases in- 
cluded in the study. The drop in intraocu- 
lar pressure recorded was the maximal 
drop recorded at equivalent times of day. 

B. Results—All the glaucomatous eyes 
treated with ethoxzolamide showed a defi- 
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nite fall of the intraocular pressure after 
the administration of the drug. The fall 
of pressure varied from 25% to 77% of 
the initial intraocular pressure. Figure 5 
shows the drop of pressure in the indi- 
vidual patients treated, in millimeters of 
mercury as well as a percentage drop of 
intraocular pressure. It is to be noted that 
the average fall of intraocular pressure in 
the 38 eyes studied was 43%. Figure 6 
shows the correlation between the percent- 
age drop in intraocular pressure in the 
individual patients and their initial intra- 


Fig. 6.—Relationship between initial intraocular 
pressure and percentage fall of intraocular pressure 
after administration of ethoxzolamide. The corre- 
lation is significant at the 1% point. 
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Taste 2.—Effect of Ethoxzolamide on Serum Electrolytes in Glaucomatous Patients 


Sodium * 


Potassium * 


Chloride * Bicarbonate 


Before 
Ethox- 
zolamide 


After 
Ethox- 
zolamide 


Before 
Ethox- 
zolamide 


140 
41 
141 
139 
140 


140 
143 
144 
144 
145 


5.2 
4.6 
4.8 
54 


4.7 
Average 140 


Change 


144 49 


Increase 2.8% Decrease 


zolamide 


After 
Ethox- 


Before 
Ethox- 
zolamide 


After 
Ethox- 
zolamide 


Before After 
Ethox- Ethox- 
zolamide tolamide 


4.2 
48 
4.9 
4.5 
4.6 


105 

101.5 
106.9 
105.3 


110 

111.5 
112.6 
115.1 
110.1 


26.5 
28.8 
27 
24 
28.4 


26.9 
Decrease 


21.6 
19.7 
22 

19.7 
25.7 


4.6 


6.1% 


104.6 1118 


6.4% 


21.7 


Increase 19.4% 


* Values are in mEq/L. serum. 
t Values are in mEq/L. plasma. 


ocular pressure prior to the commencement 
of ethoxzolamide. It can be seen that the 
distribution follows a definite trend which 
suggests that the higher the intraocular 
pressure at the commencement of ethoxzola- 
mide therapy the greater the percentage 
drop in intraocular pressure achieved. This 
is rather similar to the experience previ- 
ously reported in the use of acetazolamide 
in glaucomatous patients. 

The electrolyte responses in five patients 
are recorded in Table 2. It can be seen 
that there was no appreciable change in 
the levels of sodium and potassium, but 
there is a significant fall in the bicarbon- 
ate ion concentration averaging 5.1 mEq. 
(19%). The average chloride ion concen- 
tration rose 7.2 mEq. (6.4%). 


Side-Effects 


The side-effects with ethoxzolamide in 
the dosage clinically used were slight. 
Ethoxzolamide, 125 mg., produced only a 
mild diuresis and paresthesiae of extrem- 
ities. One patient complained of light- 
headedness. Ethoxzolamide, 250 mg., 
occasionally produced dizziness, headache, 
anorexia, nausea, and paresthesiae, but in 
the majority of patients it produced no 
side-effects at all or only very slight and 
transient symptoms. Almost all patients had 
some diuresis which was transient. It must 
be stressed that these side-effects applied 
only to short-term therapy with ethoxzola- 
mide, namely, single dosage or therapy for 
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two or three days. It was not intended to 
report on the side-effects and metabolic 
effects of ethoxzolamide in long-term cases 
treated with ethoxzolamide, as this will 


form part of a subsequent study. 


Conclusions 


1. Ethoxzolamide lowers the intraocular 
pressure in normal and glaucomatous eyes. 

2. The drop in intraocular pressure was 
greatest where the initial intraocular pres- 
sure was highest prior to the use of ethox- 
zolamide. 

3. A single dose of 125 mg. of ethoxzola- 
mide produced a maximal pressure lowering 
effect at 5 hours, and by 12 hours the 
effects were almost entirely worn off. 

4. A single dose of 250 mg. of ethoxzola- 
mide produced a considerable reduction in 
pressure starting before 2 hours, maximal 
at 5 hours, but still appreciable after 12 
hours. With this dose side-effects were 
noted in some patients. 

5. Tonographic studies in normal eyes 
suggested that the reduction of intraocular 
pressure with ethoxzolamide was due to 
an inhibition of aqueous humor forma- 
tion. 

Summary 

The effects on the intraocular pressure 
of a new carbonic anhydrase inhibitor 
called ethoxzolamide (Cardrase) on normal 
and glaucomatous eyes are described. Aque- 
ous humour dynamic studies are reported 
on and toxic effects described. The study 
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comprised only short-term effects of ethox- 
zolamide. 


Department of Ophthalmology, University of 
Saskatchewan. 
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Postnatal Partial Spontaneous Correction of a Severe 


Congenital Anomaly of the Anterior Segment of an Eye 


A. HAGEDOORN, M.D., and C. M. J. VELZEBOER, M.D., Amsterdam, The Netherlands 


On Aug. 7, 1953, a baby was admitted 
to the Eye Hospital for diagnosis and 
treatment. 

A presumptive diagnosis of buphthalmos 
had been made by an ophthalmologist, but 
the unusual aspect of the case led him to 
ask for further investigation at the Uni- 
versity Eye Clinic. He had observed that 
both corneae were opaque. The right cornea 
showed a dark area in the center suggestive 
of a descemetocele. This eye was slightly 
larger than the left eye. It was impossible 
to see the iris or the pupil through the gray 
corneal tissue. In the left eye an atrophic 
iris could be detected, though with difficulty. 

The child had been born on July 8, thus 
was 30 days old on the day of admission. 
The mother said she had always been in 
excellent health and that, while the delivery 
had been normal, the family physician had 
immediately told her that there was some- 
thing wrong with the baby’s eyes. 

As far as both general and eye diseases 
or abnormalities were concerned, the family 
history was completely normal. 

A general examination showed the child 
to be normal and healthy, except for an 
abnormal fourth toe on each foot and an 
angioma of the right shoulder. As the con- 
dition of the eye was unusual, the examina- 
tion was made under general anesthesia. 

In the right eye the cornea was definitely 
flatter than normal (cornea plana); its 
horizontal diameter was 10.5 mm. In the 
central area the cornea was thinned and 
dark in appearance, due to translucency. 
The surface of this area was in line with 
the rest of the cornea ; there was no bulging, 
as in a descemetocele. This clear central 
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area was surrounded by a white ring. The 
periphery of the cornea was hazy and con- 
siderably thickened so that no details of 
the interior of the eye could be distinguished. 

The left cornea was less opaque, making 
it possible to observe some particulars of 
the interior of the eye. 

The diameter of the cornea measured 
10 mm. horizontally, and the cornea was 
flatter than normal (cornea plana). In this 
cornea also there was a central dark (trans- 
lucent) area surrounded by a dense white 
ring. The pupil was very large, the iris 
grayish and apparently atrophic, with a 
darkly pigmented border suggestive of an 
“ectropion uveae.” In the central dark area 
of the cornea the lens seemed to be adherent 
to the posterior surface uf the cornea. 

On digital examination the tension ap- 
peared to be slightly elevated in the right 
eye and normal in the left eye. Tonometry 
with the Schietz tonometer confirmed this 
slight difference: R 2 with weight 5 gm. 
(35 mm. Hg), L 5 with weight 5 gm. (22 
mm. Hg). In this case, these figures are 
of only limited value and too low. 

The condition remained rather obscure, 
and on Aug. 15 an examination was made 
with slit-lamp microscopy. The central area 
of the cornea proved to be considerably 
thinned by a posterior indentation into 
which the lens fitted ; the anterior surface of 
the lens had become conical or spherical in 
shape (Fig. 1). 

This examination confirmed the fact that 
there was a very large pupil as well as a 
definite “ectropion uveae.” 

These unusual findings were repeatedly 
corroborated while the baby was in the hos- 
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Fig. 1—Schematic drawing, August, 1953. 


pital. It was discharged on Sept. 17. Pilo- 
carpine was prescribed. 

The baby was again in the hospital from 
Oct. 23 to 30. This time examination was 
much easier; both eyes were held open. 
There was no blepharospasmus or photopho- 
bia. 

The right cornea revealed a fundamental 
change. Instead of being clear, the central 
part of the cornea which, under superficial 
examination, had suggested a descemetocele, 
had become opaque, steamy, and thickened. 
It was surrounded by a ring-shaped streak, 
still slightly opaque, but the periphery of 
the cornea was fairly clear and of normal 
thickness (Fig. 2). 

At the periphery a definite anterior 
chamber was visible; the iris was atrophic 
but apparently better developed than that 
of the left eye. It was not possible to see 
the lens. 

In the left eye the cloudiness of the center 
was less dense and the periphery more 
translucent than in the right eye. Since the 
lens had now resumed its normal position, 
the anterior chamber of the eye was normal 
in depth. As the central part of the cornea 
was opaque, it could not be definitely as- 
certained whether or not the anterior central 
part of the lens was normal. 

There were slight opacities in the pos- 
terior cortex. The iris had broadened a 
little ; the “ectropion uveae” was still present. 
The baby was in the hospital for the third 
time from Feb. 22 to 25, 1954. 

By overgrowth of the limbus the cornea 
of the right eye had become oval horizon- 
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Fig. 2.—Schematic drawing, October, 1953. 


tally. The central opacification of the cornea 
had decreased in size. There was a central, 
disciform, intense opacity to be observed 
in the deep layers, as well as haziness of 
the whole central area. The epithelium over 
this area was slightly “glaucomatous” ; the 
periphery was normal. A few tiny radial 
vessels had entered the cornea. The pupil 
was much smaller than in the left eye; the 
depth of the anterior chamber was normal. 
The anterior layer of the iris was atrophic, 
exposing the pigmented posterior layer at 
various points. Radial vessels were seen in 
the iris. 


In the left cornea the central opaque area 
had also diminished in size; the periphery 
of the cornea was clear and normal. The 
pupil was still very large, so that the margin 
of the lens was visible. There was a well- 
developed ectropion uveae. The lens ap- 
peared undersized and too spherical in 
shape. There were opafications in the in- 
ferior and posterior cortex. Between the 
margin of the lens and the margin of the 
iris the fundus could be observed through 
a narrow slit. There was no red reflex, but 
there seemed to be a grayish tissue. 

The tension of the eyes seemed elevated ; 
the Schietz readings were R 3.5/7.5, L 
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4.5/7.5. In a normal adult eye this would 
correspond with 53 and 45 mm. mercury, 
respectively. Treatment with pilocarpine 
was continued. 

The patient was in the hospital for the 
fourth time from April 22 to May 1. The 
condition showed a slight improvement. 
The tension of both eyes had decreased; 
the Schiotz tonometer disclosed 38 mm. in 
both eyes. 

A first glimpse of the fundus was ob- 
tained. 

In the right eye, the disc was small and 
there was no glaucomatous cupping. In the 
lower part of the fundus white areas were 
observed. There was a strand of connective 
tissue in the vitreous running from the disc 
region, anteriorly, slightly upwards and 
toward the temporal side. A vessel could 
be seen in the tissue. Apparently there was 
pigment, but this was probably behind the 
strand in the retina. The central area re- 
vealed small white delicately pigmented 
atrophic fields. 

The Jeft fundus showed more striking 
fundamental changes. Here the optic disc 
was covered by tissue; from this no grayish 
strand was observed protruding into the 
vitreous, as in the right eye. Observation 
was difficult, but apparently there was a 
detachment of the retina at the temporal 
side, a vague demarcation line in the retina 
inferior to the disc, white areas in the su- 
perior part of the fundus, and a mass of 
tissue in the temporoinferior region over 
which a vessel was seen to pass. At the 
nasal side grayish tissue and some vessels 
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were seen. It was not possible to give a more 
accurate description of the fundus. 

When the child was readmitted in May, 
1955, these findings were confirmed ; no red 
light was reflected from the left fundus. In 
February, 1956, the right cornea had a 
more steamy appearance. This made the 
general outlook more serious, and conserva- 
tive treatment was abandoned. During the 
years 1956 and 1957 various operations 
were performed, after which the tension 
was digitally only slightly elevated; tonom- 
etry gave normal readings. There is still 
light perception in the right eye—A. V. 
about 1/300—enabling the child to find its 
way about. 


Comment 


There are a number of anomalies in this 
case which are worth discussing. 

A. Cornea.—1. The dark central area 
suggested a descemetocele (Fig. 1). In a 
descemetocele Descemet’s membrane bulges 
forward as a transparant bleb surrounded 
by a ring of opaque tissue. In this particular 
case, however, the anterior surface of the 
black area did not protrude. 

The dark aspect resulted from a posterior 
indentation, the transparency being in con- 
trast with the opaque surrounding tissue. 


A picture resembling this condition was 
given by Mans (Fig. 3). It was of an eye 
removed because of a suspicion of retino- 
blastoma. 

In order to understand the nature of this 
anomaly a few facts about the normal de- 
velopment of the cornea are of interest. 


Fig. 3.—Close contact 
between lens and cornea. 
Reproduced with permis- 
sion from Mans: Di 
Genese der angeborenen 
Hornhauttriibung, von 
Graefes Arch. Ophth. 
119:77, 1928; Berlin, 
Springer-Verlag. 
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The ultimate construction of the anterior 
segment of the eye appears to be marked off 
by directional membranes. In a previous 
paper in the ARCHIVES it was shown that 
the potentiality of the eye develops from 
the “Anlage” in the central nervous system. 
For the eye to function as an organ of 
sight a complicated process of adaptation 
to and integration with the surface ectoderm 
is necessary, as illustrated in a comparative 
study of the vertebrate eye in general and 
the cornea in particular (Fig. 4). 

In the Torpedo (a fish) the eye, sensu 
strictu, is marked off anteriorly at a very 
early stage by a directional membrane, the 
“cornea primitiva ectodermalis,” which de- 
velops in the anterior vitreous body (Fig. 
5). Occasionally this membrane can be 
traced in mammals (Tarsius ape). 

In certain amphibia this “primitive ecto- 
dermal cornea” is reinforced by the in- 
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growth of mesodermal cells and remains 
separated from the surface epithelium and 
its subepithelial layer (Fig. 6). In birds, 
mammals, and marsupialia, however, the 
fusion of surface ectoderm and eye is in- 
tense from the earliest stages on and the 
primitive cornea is inseparably fused with 
the subepithelial layer of the surface epi- 
thelium, the “definitive ectodermal cornea” 
(Fig. 7). 

The first mesodermal element of this 
cornea is the endothelium. The cornea de- 
velops further by the ingrowth of meso- 
dermal cells between the primitive ectodermal 
cornea (not to be confused with Descemet’s 
membrane) and the subepithelial layer of 
the surface ectoderm, Generally, however, 
these membranes or condensations are not 
visible, and the ingrowth proceeds in the 
thin but resistant definitive ectodermal 
cornea (Fig. 8). 


Fig. 4—Comparative development of the interior segment of the eye in vertebrates. Re- 
produced with permission from Hagedoorn, A.: Comparative Anatomy of the Eye, Arch. Ophth. 
16 :783, 1936. 


posten boundary of definit. ectoderm. corn. (subepithel. eetodegm. layer ) 
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This normal development of the cornea 
is possible only after the stage in which 
the lens has been separated from the sur- 
face ectoderm. If this latter process has 
been delayed normal differentiation of the 
definitive ectodermal cornea in the center 
is not possible. It may be easily understood 


that considerable delay in the ingrowth of 
mesodermal cells in the center of the cornea 
would result. 

A delayed invasion of mesodermal cells 
in the central area is obviously not com- 


Fig. 6. — Eye freely 
movable under _ trans- 
parent skin (Bombinator). 
Reproduced from Hage- 
doorn, A.: Beitrag zur 
Entwicklungsgeschichte 
des Auges, Arch. Augenh. 
102 :33-110, 1929-1930. 
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Fig. 5.—Primitive ecto- 
dermal cornea developing 
in the anterior vitreous 
body in fish. Reproduced 
with permission from 
Hagedoorn, A.: Com- 
parative Anatomy of the 
Eye, Arch. Ophth. 16: 
783, 1936. 


patible with normal translucency. Further- 
more, there may have been a delay in the 
outgrowth of the endothelial layer, which 
is of fundamental importance for the trans- 
lucency of the cornea. This explains more 
fully the absence of Descemet’s membrane 
in the cases cited by Collins and Parsons. 

The initial central indentation and the 
central gray area belong to one syndrome. 
An appropriate name would be Central An- 
terior Dysplasia. Keratoconus posticus, 
either total (Butler) or localized, belongs 


me 
7 
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Fig. 7.—A, definitive 
ectodermal cornea, epi- 
thelium, and endothelium 
in marsupials, B, defini- 
tive ectodermal cornea 
with epithelium and endo- 
thelium in human embryo. 
Damaged specimen clear- 
ly demonstrating the 
presence of this layer. 
Reproduced from Hage- 
doorn, A.: Beitrag zur 
Entwicklungsgeschichte 
des Auges, Arch. Augenh. 
102 :33-110, 1929-1930. 


to this syndrome. Recently (1957) Jacobs In Fig. 1184 of his book, Duke-Elder 
presented a survey of several cases of his gives a picture of a congenital anterior 
own. The pathology of a case has been given staphyloma, probably a later and more 
by Mans (Fig. 9). serious manifestation of the same condition. 


_ Fig. 8—A, ingrowth of mesodermal cells in definitive ectodermal cornea in marsupials. B, 
ingrowth of mesodermal cells in definitive ectodermal cornea, epithelium and endothelium 
attached, in human embryo. Reproduced from Hagedoorn, A.: Beitrag zur Entwicklungsges- 
chichte des Auges, Arch. Augenh. 102 :33-110, 1929-1930. 
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Greene described a localized form of 
posterior conical cornea. The indentation in 
the translucent tissue was surrounded by a 
ring-shaped macula. There were also other 
abnormalities, e. g., a slight cataract. Greene 
thought that a delayed separation of the 
lens vesicle from the surface ectoderm was 
the probable cause of the anomaly; this is 
confirmed by our own clinical observation. 

2. Since up to the fourth month of life 
the cornea has the same curvature as the 
sclera, a cornea plana is a sign of delayed 
development. Duke-Elder remarked that in 
these cases the corneoscleral junction tends 
to lose its sharp definition, the sclera en- 
croaching upon the cornea. In our case this 
occurred especially at the superior and in- 
ferior margins. 

B. Lens.—1. The iens was unusual in 
appearance; it had developed a conical or 
spherical form that fitted into the posterior 
indentation of the cornea. 

Seefelder and Wolfrum noted a similar 
lenticonus or lentiglobus in a fetus of four 
months; this also showed an indentation 
of the posterior surface of the cornea 
(Fig. 10). 

The pathology of the cornea, lens and 
iris given by these authors might well be 
identical with the case presented here. They 
concluded that the conus is filled with fluid 
rather than with normal lens tissue. 

In Mayou’s case, however, the lenticonus 
contained solid lens tissue, so that the empty 
space in Seefelder’s case might be an arti- 
fact due to shrinkage. Duke-Elder noted 
that persistent anterior lenticonus is a very 
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Fig. 9.— Posterior in- 
dentation of cornea. Re- 
produced with permission 
from Mans: Die Genese 
der angeborenen Horn- 
hauttriibung, von Graefes 
Arch. Ophth.  119:77, 
1928; Berlin Springer- 
Verlag. 


rare condition. This we can understand, 
since in our case the lenticonus was com- 
pletely corrected in the course of a few 
weeks, though a lentiglobus remained in 
the left eye. 


Fig. 10—Human fetus (four months), posterior 
indentation of cornea lentiglobus anterior. 1, More 
peripheral section; 2, section through the middle 
of the cornea, Compare with Figure 1. Reproduced 
with permission from Seefelder and Wolfrum: 
Uber eine eigenartige Linsenanomalie (Lentiglobus 
anterior) bei einem viermonatlichen menschlichen 
Fotus, von Graefes Arch. Ophth. 65:320, 1907; 
Berlin, Springer-Verlag. 
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2. It was observed that the lens seemed 
to be too small and more spherical than 
normal, Our case demonstrates that this 
condition may come from a disturbance of 
the development of the lens itself, there 
being no reason for presupposing a primary 
congenital weakness of the zonule. 

C. Iris —1. The anomaly of the iris may 
be defined as a “forme fruste” of aniridia: 
brachiridia. In Mans’ case “one half of 
the iris consisted of a short stump only, 
with development of both the ectodermal 
and mesodermal layers.’ In his case and 
in many others in the literature there was 
an anterior synechia of the iris with the 
cornea and glaucoma (buphthalmus). 

2. Congenital Ectropion of the Pigment 
Border: An ectropion in postnatal life has 
been shown to be due to the traction from 
shrinking tissue on the anterior surface 
of the iris. In congenital cases it is to be 
considered a malformation. In a case of 
buphthalmus a similar ectropion of the pupi!- 
lary border was to be observed. It will be 
recalled that in buphthalmus there is a per- 


sistence of embryonal tissue in the angle 
of the anterior chamber. 


Since they were so difficult to observe and 
identify, it is not possible to discuss the 
anomalies in the vitreous and retina in our 
case. Tissue which should have disappeared 
(arteria hyaloidea) must unquestionably 
have persisted. 

In tabulating the different anomalies and 
related conditions described in the litera- 
ture, a number of theories are met with. 
The main question is the ectodermal or 
mesodermal nature of the anomaly. 

According to experimental embryology it 
is the eye “Anlage” (optic cup) that makes 
the surrounding mesoderm instrumental for 
its purpose. 

Experiments with amphibians have dem- 
onstrated that the eye “Anlage” causes the 
surface ectoderm to develop a lens; the lens 
may even develop directly from the optic 
cup. It seems logical, therefore, to emphasize 
the importance of this eye organizer, eye 


182/692 


A. M,. A, ARCHIVES OF OPHTHALMOLOGY 


“Anlage,” rather than that of the ectoderm 
or mesoderm. 

Any organizing deficiency manifests itself 
chiefly in two ways: (1) A delay or even 
lack of formation of ectodermal tissues 
(with secondary mesodermal involvement) 
and (2) a delay or even lack of control 
in the absorption of temporary mesodermal, 
or mesostromal, tissues. In primary buph- 
thalmus this latter phenomenon is of funda- 
mental pathogenetic importance. A second 
variety, “mesostroma persistens,” described 
by one of us (A. H.) in these ArcHIVEs, 
seems to be harmless. 

A concise survey given by Duke-Elder in 
the second volume of his treatise deals with 
the congenital malformations and anomalies 
of the anterior segment of the eye. There 
is no necessity for suggesting any other 
classification, Our case, however, demon- 
strates the mutual relations of some of 
these conditions, their individual character- 
istics, and the limited value of special 
theories. 


Summary 

A case in a baby 30 days old with 
keratoconus posticus, lenticonus, ectopia 
lentis anterior, and other anomalies is 
described; in the course of a few months 
this developed into central corneal opacity, 
slight microphakia lentiglobus (in normal 
position). It was associated with partial 
aniridia (brachiridia), ectropion of the pu- 
pillary border, atrophy of the anterior layer 
of the iris, and anomalies in the posterior 
segment of the eye. Both feet had an ab- 
normal fourth toe, and there was an angioma 
of the right shoulder. Subnormal organoge- 
netic potency of the optic cup is considered 
responsible for the ophthalmological aber- 
ration. The normal and abnormal develop- 
ment of the anterior segment of the eye 
is discussed. 


Universiteit van Amsterdam, Wilhelmina-Gas- 
thuis. 
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Lateral conjugate deviation of the eyes 
on attempted forced closure of the lids was 
emphasized,! in 1948, as a sign of value 
in the lateralization of cerebral lesions. This 
finding was termed “spasticity of conjugate 
gaze” and has also been referred to as the 
“perverse Bell’s phenomenon.” * The devia- 
tion is characteristically to the side opposite 
the lesion (that is, to the side of hemiparesis 
and/or hemianopia). Such deviation was 
noted in only 3 of 156 persons with no 
known neurologic disease but was seen in 
34 of 54 patients with unilateral cerebral 
disease. It was concluded that spasticity 
of conjugate gaze is of definite value in 
lateralizing the lesion. However, this phe- 
nomenon has not been analyzed from the 
point of view of localization within one 
hemisphere. The present study is an at- 
tempt to determine if this test may have 
localizing significance within one hemi- 
sphere, in addition to its already established 
lateralizing value. 


The method of testing employed was to 
stand directly in front of the patient and, 
after asking him to close both eyes, to 
elevate gently one lid at a time and note 
the position of each eye. Deviation of the 
eyes either up or up and out on attempted 
closure was considered a normal Bell’s phe- 
nomenon in this study. Spasticity of con- 
jugate gaze was present when the eyes 
consistently deviated to one side (either 
right or left) on testing several times. 


Submitted for publication April 6, 1959. 

From the Howe Laboratory of Ophthalmology, 
Harvard University Medical School, Massachusetts 
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National Institute of Neurological Diseases and 
Blindness (Dr. Smith), and Heed Fellow in 
Ophthalmology, Massachusetts Eye and Ear In- 
firmary (Dr. Gay). Present address of Dr. Smith 
is 900 Lenton Ave., Baltimore (12). 
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The Spasticity of Conjugate Gaze Phenomenon 


4. LAWTON SMITH, M.D.; ANDREW J. GAY, M.D., and DAVID G. COGAN, M.D., Boston 


This report reviews the significance of 
finding deviation of the eyes on attempted 
closure of the lids in 145 cases seen in 
neuro-ophthalmological consultation in the 
Massachusetts General Hospital during the 
past year. Of these 145 patients, a normal 
Bell’s phenomenon was noted in 110 cases, 
and spasticity of conjugate gaze was ob- 
served in the other 35 patients. Of the 
110 patients with a normal Bell’s phenome- 
non, 44 had intracranial disease with suffi- 
cient clinical or anatomic evidence to permit 
topical localization of the lesion. Of the 
35 cases with spasticity of conjugate gaze, 
24 had evidence thought sufficient for topical 
localization of the lesion. The cases with 
either a normal Bell’s phenomenon or with 
spasticity of conjugate gaze with evidence 
permitting localization within the cerebrum 
are as follows: 


Normal % With 

Lesion Site Bell’s S.C.G. S.C. G. 
Frontal 5 0 0 
Temporal 7 5 42 
Parietal 4 9 69 
Occipital 8 2 20 


From these 40 cases with intracerebral 
localized lesions, spasticity of conjugate gaze 
(S. C. G.) was most characteristic of parietal 
lobe disease, occurring in 69% of cases with 
such lesions. It was also seen with temporal 
lobe lesions (42%) but was noted only 
occasionally with occipital lesions (20%) 
and not at all with frontal lobe lesions. In 
all but two of these cases, the deviation 
of the eyes was away from the side of the 
lesion (i. e., the eyes looked to the side 
of hemiplegia or hemianopia when these 
were present). In the two exceptions noted, 
there was sustained conjugate deviation of 
the eyes toward the lesion, with a paresis 
of conjugate gaze to the opposite side. 


4 


CONJUGATE GAZE PHENOMENON 


In the differentiation of posterior and 
anterior intracranial lesions, the presence 
of an associated homonymous hemianopia 
was evaluated. It was found that 19 of 35 
patients with intracranial disease and spas- 
ticity of conjugate gaze had homonymous 
hemianopias, an incidence of 54%. How- 
ever, only 16 of 71 patients with intracranial 
disease and a normal Bell’s phenomenon 
had concomitant homonymous hemianopias, 
an incidence of 23%. Long-tract signs were 
noted in about half the cases with spasticity 
of conjugate gaze. Thus it is seen that 
neither hemiplegia nor hemianopia are es- 
sential for this phenomenon. In fact, one 
case (subdural hematoma) showed spasticity 
of conjugate gaze as the only clinical sign 
at the onset. 

Since the optokinetic response is also 
reported ** to be of significance in lateraliza- 
tion and localization of cerebral lesions, 
correlative observations are tabulated for a 
total of 38 cases with cerebral lesions in 
which both the optokinetic response and lid 
closure test were recorded. Cases in which 
no optokinetic responses were obtained due 
to amaurosis and cases with brain stem, 
pituitary, or other lesions with insufficient 
evidence for localization were omitted from 
this tabulation. A _ positive optokinetic 
nystagmus sign® is an absence or marked 
reduction of the response to targets moving 
towards the side of the lesion in comparison 
with movement to the normal side. A 
negative optokinetic nystagmus sign is a 
normal, equal, symmetrical response to both 
sides. 

A positive optokinetic nystagmus sign 
occurred in 4% of patients with intracranial 


TABLE 


Normal Bell’s 
Phenomenon 
Site +O.N. —O.N. 
Lesion Sign Sign 


Spasticity Conjugate Gaze 


+0.N. 
Sign 


—O.N. 
Sign 


Frontal 
Temporal 
Parietal 
Occipital 


Smith et al. 


disease and a normal Bell’s phenomenon 
but was noted in 34% of patients with 
intracranial disease and spasticity of conju- 
gate gaze. It appears that the two signs are 
significantly but not invariably associated. 
A positive optokinetic nystagmus sign and 
spasticity of conjugate gaze tend to be pres- 
ent with parietal lobe lesions but are less 
frequently seen with temporal and occipital 
lobe lesions, in that order. Neither was seen 
with a frontal lobe lesion in this series. 

In addition to the foregoing observations 
on patients with cerebral lesions, spasticity 
of conjugate gaze was noted in 2 of 7 pa- 
tients with pituitary tumors and in 6 of 21 
patients with brain-stem lesions. In both 
instances, spasticity of conjugate gaze was 
present in somewhat less than one-third of 
the cases (29%). A negative optokinetic 
nystagmus sign was found in each of the 
five patients with pituitary tumor in whom 
this test had been recorded. A negative 
optokinetic nystagmus sign was found in 
13 of 15 cases with evidence of localized 
brain-stem disease, with a positive or ab- 
normal optokinetic response noted in but 
two. However, in the patients with brain- 
stem disease, evidence for lateralization was 
not considered sufficiently reliable for inter- 
pretation of the optokinetic response. 


Summary 


Of 145 patients seen in neuro-ophthal- 
mological consultation in whom deviation 
of the eyes on forced closure of the lids 
was studied, 106 patients had intracranial 
disease, and in 68 of the latter group there 
was sufficient evidence for localization of 
the lesion. Of 35 patients with intracranial 
lesions and spasticity of conjugate gaze, 
19 (54%) had homonymous hemianopias, 
and of these 12 had a positive optokinetic 
nystagmus sign (34% of the cases with 
spasticity of conjugate gaze). Of 71 pa- 
tients with intracranial disease and a normal 
Bell’s phenomenon, 16 had homonymous 
hemianopias (23%), but only 3 of these 
had a positive optokinetic nystagmus sign 
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(4% of those with normal Bell’s phenome- 
non). 

Of the 68 patients with localized intra- 
cranial disease, 44 patients presented a 
normal Bell’s phenomenon and 24 had 
spasticity of conjugate gaze. Analysis of 
these patients revealed that spasticity of 
conjugate gaze was not seen with frontal 
lobe lesions and was uncommon in occipital 
lesions. It occurred more frequently with 
lesions of the midcerebrum, being present 
in 69% of the cases with parietal lobe 
lesions and 42% of those with temporal lobe 
lesions. A positive optokinetic nystagmus 
sign may occur in brain-stem disease, but 
there appears to be insufficient evidence to 
use this test for lateralization in such in- 
stances. 


Conclusions 


Spasticity of conjugate gaze is a rapid 
test for unilateral intracranial disease, ap- 
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pears to indicate more frequently a lesion of 
the midcerebrum (parietal and temporal 
lobes), and is often associated with an 
abnormal optokinetic response. 


243 Charles St. (14). 
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Patient 


ZELMA WESSELY, M.D., Jamaica, L. I., N. Y. 


In 1941, Anderson * examined a series of 
14,000 surgical specimens, 78% of which 
came from Negro patients. Only 10 cases 
of malignant melanoma arising in American 
Negroes were among these surgical speci- 
mens, and only 1 of these 10 cases was a 
malignant melanoma of the eye, originating 
from the retina. In the same series 12 
malignant melanomas in various locations 
were encountered in white patients, point- 
ing to a marked preponderance of these 
tumors in the white race, as the proportion 
of white patients in this series was only 


about 22%. 


In 1950, Ash? published a report and 
statistical data on epibulbar tumors based 
on over 1,000 cases. The proportions of 
Negro patients approximated 10%, which 
is also approximately the proportion of 
Negroes in the total population of the 
United States. Nevertheless, only 17 Ne- 
groes showed conjunctival nevi in compari- 
son to 277 white persons, and only 3 
Negroes showed epibulbar malignant mela- 
nomas in comparison to 57 white persons. 


Callender, Wilder, and Ash* examined, 
in 1942, approximately 1,600 cases of malig- 
nant intraocular melanomas (of choroid and 
ciliary body), but only 8 were diagnosed in 
Negroes. 

Morris and Horn,* ir a review of the lit- 
erature on malignant melanomas in Negroes, 
dispute the marked preponderance of these 
tumors in white persons. They report nine 
cases of melanoma in North American Ne- 
groes. Only one of these nine melanomas 
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Malignant Melanoma of Conjunctiva in Eye of Negro 


occurred on the conjunctiva (of a 53-year- 
old woman); all the other eight were in var- 
ious other nonocular locations. Of the 430 
cases of melanoma in African Negroes re- 
viewed by the above authors from the 
world literature, 287 showed a recorded pri- 
mary lesion, but out of these only 28 showed 
a primary tumor in the eye, while 203 were 
on the lower extremities. 

Several authors,°® who described the 
rather frequent occurrence of malignant 
melanoma in the African Negro, found the 
commonest occurrence of the primary le- 
sion on the lower extremities, especially on 
the sole of the foot, and explained this by 
trying to prove a relationship between this 
tumor and exposure to trauma. 

On the other hand, Matas? feels that in 
highly pigmented persons the physiological 
function of pigment formation is under 
better biological control and the pigment- 
producing cells thus less liable to uncon- 
trolled growth than in white or lightly 
pigmented races. 

Allen’s * contention, that nevi on the soles 
of the feet are almost exclusively of the 
junctional or precancerous type, would be 
in accord with Matas’ idea, the better bio- 
logical control of the pigment-producing 
junction cells in the Negro decreasing their 
tendency to malignant transformation, thus 
explaining the scarcity of malignant mela- 
nomas in the American Negro and its fre- 
quency in the white American, in spite of 
equal exposure to trauma. 

In view of this rather uncommon oc- 
currence of a malignant melanoma in the 
eye of an American Negro, I feel justified 
in recording this case, which also has sev- 
eral additional interesting features. 
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Clinical History 


A 68-year-old Negro man was admitted 
on Oct. 6, 1958, to Queens General Hos- 
pital with a small, pigmented nodule on the 
bulbar conjunctiva at the limbus, which was 
“discovered” by the optometrist about six 
weeks prior to patient’s admission. Pa- 
tient did not remember noticing “anything” 
in his eye before. 


Past History 


The past history revealed hypertension 
for several years and a cholecystectomy 
two years previous. 


Physical Examination 

The physical examination revealed round 
and equal pupils, which reacted well to light 
and in accommodation. The left eye showed 
a pigmented, elevated growth of about 5 mm. 
in diameter at the temporal limbus, extend- 
ing for about one-third of its size over the 
cornea (Fig. 1). Fundus examination 
showed very small macular changes in the 
left eye and a normal fundus in the right 
eye. Slit-lamp examination showed no evi- 
dence of iris pathology and no connection 
with the growth seen at the temporal limbus 


Fig. 1.—A pigmented slightly elevated nodule of 
about 5 mm. in diameter is seen at the temporal 
limbus of the left eye. 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


of the left eye. The other pertinent find- 
ings were (1) chronic coronary insuffi- 
ciency, left heart strain and left ventricular 
hypertrophy, as evidenced by the EKG, and 
(2) a4+ Wasserman and strongly positive 
VDRL reaction. 

A P*? tumor-localization test was per- 
formed to aid in the differential diagnosis 
between a benign nevus and a malignant 
melanoma. Readings taken over the lesion 
and over comparison points in the opposite 
eye showed no significant difference initially 
and 48 hours after the injection of the P*. 
On this basis a malignant melanoma was ex- 
cluded. Nevertheless, it was decided to ex- 
cise the tumor and submit it to pathology 
for verification of the diagnosis. 


Gross Description of Specimen 


Specimen consists of a delicate, mem- 
branous fragment of tissue measuring 
2X0.2X0.1 cm. It is of white color. In the 
center a brown nodular elevation is present, 
measuring about 2X21 mm. 


Microscopic Description 

Section shows tissue from limbus, cov- 
ered by nonkeratinizing stratified squamous 
epithelium. The basal layer shows groups 
of large, vacuolated cells, devoid of cohe- 
sion, with prominent, somewhat irregular, 
hyperchromatic nuclei and fine, dark brown 
cytoplasmic granules. In several areas these 
vacuolated cell nests appear to extend up- 
ward through the epithelium toward its free 
edge, thinning the superficial epithelial layer, 
thus suggesting impending ulceration. In 
other areas early infiltration of the sub- 
epithelial layer is present. Mitotic figures 
are extremely rare. Acanthosis and epi- 
thelial hyperplasia are not prominent. The 
submucosal layer of the conjunctiva pre- 
sents groups and nests of large melano- 
phores. A chronic inflammatory exudate is 
seen at the periphery of the lesion. 


Diagnosis 
malignant mela- 


Tissue from limbus: 
noma. 
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In view of this diagnosis the left eye was 
enucleated on Oct: 15, 1958, and the patient 
was discharged on Oct. 24. 


Comment 


In various publications since 1938, 
Reese *™ tried to bring to the attention of 
the American ophthalmologist, the concept 
that a malignant melanoma of the conjunc- 
tiva usually does not arise from a benign 
nevus but from a precancerous change in 
the conjunctiva which parallels a similar 
change in the skin and which he calls a pre- 


Fig. 3.—Early infiltra- 
tion of the subepithelial 
layer by cells with some- 
what irregular, hyper- 
chromatic nuclei. 
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Fig. 2. — Groups of 
large vacuolated cells, 
devoid of cohesion, ex- 
tend upward through the 
epithelium to its free 
edge, suggesting impend- 
ing ulceration, A marked 
inflammatory reaction is 
seen in the depth. 


cancerous melanosis. It manifests itself 
clinically as a unilateral, asymptomatic, dif- 
fuse, nonelevated pigmentation of granular 
appearance, which may cover large segments 
of the conjunctiva or even spread to involve 
the cornea and the adjacent skin of the 
eyelids. These granular areas may become 
confluent to form more or less dense sites 
of pigmentation or widely scattered foci 
with no apparent continuity. Histologically 
the basal layer is involved first. Certain cells 
increase in number and become pigmented 
and separated from each other by clear 
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spaces. The individual cells swell and be- 
come hydropic. These altered basal cells 
proliferate and segregate into clumps or 
nests. They may invade the upper layer of 
the epithelium after losing their connection 
with the basal layer, extend towards the 
free surface of the epithelium, and show 
more and more anaplastic tendencies. They 
tend to incite an inflammatory cell infiltra- 
tion in the subepithelial tissues. When these 
cell groups penetrate the free surface of the 
epithelium and invade the subepithelial tis- 
sue the cancerous phase is established, and 
these tumors not only form masses of malig- 
nant invading cells but also metastasize to 
regional lymph nodes and distant organs. 
The average age at which these changes 
occur is said to be 40, and the time interval 
between the first appearance of these 
changes in the basal layer and their ultimate 
malignant transformation varies from a few 
months to a few years. This diffuse mela- 
nosis shows a marked tendency to become 
malignant, although some cases have re- 
mained stationary and some have even re- 
gressed. 

Allen,’ in his classical monograph on the 
histiogenesis of cutaneous nevi and mela- 
noma, described the same changes in what 
he calls junctional nevi. Here too the swell- 
ing, vacuolization, and loss of cohesion of 
single or groups of cells starts in the basal 
layer of the epidermis. From these groups 
of altered cells arises the malignant mela- 
noma of the skin by extending slowly up 
towards the free edge of the epithelium or 
down into the dermis. Clinically this mar- 
ginal, junctional or dermoepidermal nevus 
presents as a smooth, flat, or slightly raised, 
hairless, light to dark brown macule from 
several millimeters to several centimeters in 
diameter and occurs practically on any part 
of the body, including the conjunctiva. This 
lesion may be present at birth or may be- 
come evident later in life. 

Like every malignant melanoma the le- 
sion in our case posed a problem as to its 
genesis. This resolved itself into whether 
the lesion arose from (1) a junctional nevus, 
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as described by Allen,* or (2) a precan- 
cerous melanosis as described by Reese." 
The junctional nevus and precancerous 
melanosis can be considered as one and the 
same pathological entity, since and Allen 
and Reese, despite the use of different ter- 
minology describe the same process: in 
one case (junctional nevus) dealing with a 
small, well-circumscribed change, in the 
other case (diffuse melanosis) a more dif- 
fuse change in the dermoepidermal junc- 
tion, both the precursor of the malignant 
melanoma. 

Actually, in the lesion described here, 
the clinical picture of a small, well-circum- 
scribed macular lesion, as well as the micro- 
scopic changes in the basal layer of the 
conjunctival epithelium and the groups of 
benign pigment-bearing cells in the sub- 
epithelial tissues point towards an origin 
from a compound nevus. 

Another point of interest in this particu- 
lar case was the failure of the tumor to pick 
up a significant amount of radioactive phos- 
phorus. This test is based on the fact that 
malignant tumors have more nucleoprotein 
and an increased metabolic activity (phos- 
phate turnover) of the nucleoprotein than 
benign tumors or normal tissues and will 
therefore take up more P*?. This uptake 
may also depend on the vascularity of the 
tumor.'” 

Kennedy and Glasser '* had, in a series of 
10 intraocular malignant melanomas, 7 high 
P*®? uptakes (initial high uptake, which re- 
mained high at the end of 24 hours). The 
three melanomas of the eye showing a low 
uptake were small and posteriorly situated. 

Bauer and Steffen’ presented a series 
of skin tumors, among them several cuta- 
neous malignant melanomas, which showed 
a definite increased P*? uptake in compari- 
son to benign nevi and basal-cell carcinomas. 
But the authors also point out that increased 
uptake does not necessarily mean tumor, as 
infections and granulating wounds which 
have an increased metabolism may give 
false-positive results. 
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Dunphy and Selverstone™ presented a 
paper at the New England Ophthalmological 
Society in November, 1950, in which they 
cited four cases, which were given intra- 
venous injections of radioactive phosphorus 
48 hours prior to enucleation. Malignant 
melanoma was subsequently found to be 
present in two; no neoplasm was found in 
the other two. Still the four cases failed to 
show any significant difference in the P*? 
uptake between the neoplastic and non- 
neoplastic tissues. 

Schumacher, Schwarz, and Weise ™ pre- 
sented 6 cases of skin tumors out of a series 
of 97 cases, which showed 5 false-positive 
and 1 false-negative result. They also 
quote an “interesting false negative” found 
in a series of tests performed by Herzberg.”* 
The tumor, a heavily pigmented malignant 
melanoma, showed histologically no mitotic 
figures and a low P** uptake. The author 
assumes that in such cases the mitotic ac- 
tivity and therefore also the metabolic ac- 
tivity is lowered in favor of pigmentation. 

Dunphy et al.'? show another point of 
importance, namely, that counts taken over 


malignant tissue may be low initially but 
tend to increase as time goes by (24 to 48 
hours after the P*? injections) because tu- 
mor tissue tends to retain P*? longer than 


normal tissue. Readings should therefore 
be taken initially, after 24 hours, and after 
48 hours to be conclusive. 

In our case there was no significant in- 
crease in P** uptake initially or 48 hours 
after injection. Microscopically almost no 
mitotic figures were elicited, but the tumor 
appeared heavily pigmented. Are we there- 
fore dealing here with a metabolic balance 
between mitotic activity and pigmentation, 
similar to the case described by Herzberg?" 


Summary 

A case of malignant melanoma, arising 
apparently from a compound nevus at the 
limbus in the left eye of a 68-year-old Ne- 
gro man is presented because of the rare 
occurrence of these tumors in eyes of Ameri- 
can Negroes. The failure of this lesion to 
pick up P* is also discussed. 
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The author wishes to thank Dr. Stout for re- 
viewing the slides. 
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Annual Reviews 


Physiological Chemistry of the Eye 


A Review of Papers Published During 1958 


ALBERT M, POTTS, Ph.D., M.D., Cleveland 


The Cornea 


A few papers have appeared during this 
review period on the subject of corneal 
composition. Steinvorth and Minich stud- 
ied the glycoproteins and the lipoproteins 
of the corneal epithelium.1* They extracted 
the tissue by grinding with barbital (Ver- 
onal) buffer and did paper electrophoresis 
on the supernatant solutions. At the end 
of a 14-hour period, the paper was stained 
for lipoprotein with Sudan black. After 
the location of the dyed bands, the paper 
was decolorized once more with organic 
solvent. It was then cut in half longitudi- 
nally. Half of the strip was stained for 
protein with amino black 10B. The other 
strip was stained for glycoprotein by tolui- 
dine blue after pretreatment with periodic 
acid and bromine water. Corneal epithe- 
lium produced four distinct peaks of gly- 
coprotein and two peaks representing 
lipoprotein. The two latter seemed to cor- 
respond to two fractions of serum when 
the corneal extract and serum were run in 
parallel fashion. However, neither sets of 
proteins were further identified. 

A histochemical study by Dark* had a 
somewhat similar objective. This author 
stained sections with Sudan black-B to dem- 
onstrate lipids and used Baker’s acid-he- 
matein method for phospholipids with use 
of pyridine-extracted sections as controls. 
He was able to demonstrate a rich accumu- 
lation of phospholipid in the corneal epithe- 
lium, endothelium, and stromal cells. 
Further, the tonofibrils and _ intercellular 
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bridges in corneal epithelium were shown 
to contain phospholipids. 

In a further contribution on acid muco- 
polysaccharides, Hoffman, Linker, and 
Meyer* reported their deductions on the 
location of the sulfate linkage in the three 
chondroitin sulfates, designated A, B, and 
C. Evidence is adduced to show that A 
and C are identical after desulfation. These 
substances behave identically in regard to 
hyaluronidase, have similar absorption 
spectra, and are similar to corneal chon- 
droitin. The authors had previously iso- 
lated chondrosin in high yield from 
chondroitin sulfates A and C and identified 
it as B-3 glucuronosyl galactosamine. Thus 
A and C must differ only in position of the 
sulfate linkage. Since previous work iden- 
tified the location of the sulfate in chon- 
droitin sulfate-B as the 4 position, the 
known identity of sulfate linkage must 
make A a C-4 sulfate. Since C-6 is the 
only other free position, chondroitin sulfate 
C, according to the authors, must be a C-6 
sul fate. 


A number of papers appeared which 
were oriented toward studies of corneal 
grafts or healing of nonspecific corneal 
wounds. A number of these studies used 
S* as the chief analytical tool. In a report 
by Dohlman,® rabbits were fed radioactive 
sulfate until corneas had received a signifi- 
cant amount of label, and corneal trans- 
plants were performed with the cornea of 
the labeled eye as donor. In two weeks’ 
time the isotope content of the grafted eye 
rapidly decreased to one-third of the value 
in the control eye of the donor animal. The 
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loss after this period was the same both in 
the transplanted and in the control eye. 
The author attributed the first rapid de- 
crease to loss of the limiting layers and the 
later phase to substitution of the ground 
substance by the host animal. When S*® 
was given to an animal after a graft had 
been performed, there was considerable S* 
uptake at the wound edges during the 
second and third postoperative week, and 
this uptake was proportional to the amount 
of fibroblast proliferation. The tacit as- 
sumption here is that the labeled sulfur is 
predominantly a tracer for sulfated muco- 
polysaccharides. 

A study by Dunnington and Smelser *® 
dealt with the incorporation of labeled sul- 
fur into the healing portion of a rabbit 
cornea which had been subjected to a 2 mm. 
long perforating incision. Differences were 
observed between untreated corneas and 
those which had been momentarily frozen 
by a dry-ice applicator just before incision. 
Animals were killed 1 to 22 days after this 
procedure, and seven hours before autopsy 
they were given 1 mc. per kilogram of 
labeled sulfate intravenously. Radioauto- 
graphs were made by the painted emulsion 
technique, and the amount of density in 
the radioautograph was considered by the 
authors a legitimate measure of mucopoly- 
saccharide synthesis. As early as the 17th 
to 24th hour, an increase of S* incorpora- 
tion could be detected at the wound edge. 
This even preceded formation of the argy- 
rophilic reticular fibers. Further events in 
the normal cornea follow the description 
of Weimar,’ who observed marked incor- 
poration of S* in the wound area on the 
fifth and sixth day. The area of radioac- 
tivity corresponds exactly to the area of 
new connective tissue. By the 22d day the 
rate of S** incorporation, although higher 
than the surrounding area, had become less 
intense than previously. In the frozen 
corneas examined by the authors, early re- 
covery from the lesion is uneven and ability 
to synthesize S* polysaccharide is nonuni- 
form over the wound. However, by the 
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15th day the rate of synthesis had become 
nearly normal. 


In the course of the discussion, the au- 
thors mentioned unpublished data of 
Smelser, Copenhaver, and Queensberry 
which has considerable interest. These au- 
thors, with use of the same technique of 
injection of S**-labeled sulfate and subse- 
quent radioautography, found that once the 
sulfur was incorporated into corneal muco- 
polysaccharides the content was essentially 
stable for at least 24 days—the period of 
the experiment. However, in contrast, there 
was a rapid turnover in the sclera at a rate 
comparable to that found in the large ar- 
teries. This would seem to be a notable 
difference between two tissues whose com- 
position is similar in so many respects and 
whose over-all metabolic activities are in 
inverse proportion to the turnover rate de- 
scribed here. A similar finding was re- 
ported by Dohlman (1957). 


A report of Nemetz,® although with use 
of less precise analytical methods, also 
bears on the problem of corneas for trans- 
plant. Using human eye-bank corneas, this 
worker compared fresh specimens with 
those stored in paraffin oil for 5 to 10 days. 
He noticed a decrease in basophilia toward 
methylene blue and a marked decrease in 
swelling capacity. By 48 hours fresh cor- 
neas stored in Ringer’s solution increased 
in weight 30% to 80%; corneas stored 30 
days under oil took on only 20% of their 
weight in water and then gained no more. 
Curiously, the difference was even more 
accentuated if the cornea had been pre- 
served attached to a ring of sclera. By 10 
days in storage the epithelium and endo- 
thelium had disappeared and the nuclei of 
the stroma were shrunken. The parenchy- 
ma had become less stainable with PAS 
and alcian blue. 

A few additional studies appeared on 
corneal permeability, transparency, and 
thickness. One of the reports in this cate- 
gory by Coulombre and Coulombre® rep- 
resents a continuation of the work of these 
two authors on the development of the 
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cornea in the embryo chick. In the present 
communication they studied rate of hydra- 
tion when corneas were immersed in dis- 
tilled water and compared this rate of 
hydration to the change in transparency. 
This was measured by the change in trans- 
mission of a narrow beam of collimated 
light passing through the cornea, falling on 
a photocell, and recorded by a continuous 
recorder. Corneas were studied on the 9th 
to 21st days of incubation and showed 
rapid water uptake, with the maximum 
reached at about 60 minutes. Corneas im- 
bibed from 2 to 4.5 times their initial 
weight in water. However, the degree of 
hydratability decreased during the time pe- 
riod investigated, and 9-day corneas could 
imbibe 2.5 to 4.5 times as much water as 
21-day corneas. The authors described as 
the result of previous studies how the cor- 
nea begins to establish its stromal collagen 
pattern on about the 8th day, how the 
cornea begins to dehydrate on about the 
9th day, and how metachromatic mucopoly- 
saccharide appears on the 14th day, at 
which time transparency begins and dehy- 
dration accelerates. At least some of this 
change must be attributed, on the basis of 
the findings reported, to change in water- 
binding capacity of the corneal constituents. 
Further, when transparency was measured 
during the course of hydration it was 
found that at all measurement periods 
when the cornea was immersed in distilled 
water, there was a rapid decrease in trans- 
parency over the first six or so minutes. 
By this time virtually all of the loss in 
transparency occurred and half or less of 
the total hydration had taken place. As 
the authors recognized and as was pointed 
out in the discussion, this lack of parallel- 
ism may represent hydration behavior of 
the various substructures of the cornea in 
a manner similar to that found for the 
beef eye. 

A report on corneal permeability changes 
by Gligoriejevic and co-workers also ap- 
peared during this period.’° These authors 
used a quartz generator which put out 
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energy at 800 kilocycles and 0.5-3 watts per 
square centimeter. The radiation was 
transmitted to the cornea by means of a 
lucite cylinder attached to the diaphragm 
of the ultrasonic generator and containing 
in its other end a concavity to fit the cornea. 
Intensities transmitted to the cornea were 
0.2-1.5 watts per cm. sq. The authors 
used a solution of I**4 in saline for the 
cornea during a five-minute exposure or 
applied it to the cornea immediately after 
the exposure. The right eye was used for 
irradiation; the left eye was treated in the 
same way except that the instrument was 
not turned on. The authors concluded that 
irradiation with ultrasound for the period 
of time described markedly increased the 
permeability of the cornea to ['*?. 

A further contribution to corneal perme- 
ability and water movement was made by 
Beswick, Langley, and McCulloch." These 
authors observed the transport of fluores- 
cein through the cornea either from the 
anterior to posterior direction when a 20% 
solution was applied to the epithelial sur- 
face in applicator or from the posterior 
to anterior direction when 50 cu. mm. of 
a 20% solution was injected into the an- 
terior chamber (by means of a special 
manometer-connected side-entering needle 
which allowed injection without change in 
intraocular pressure). The experimental 
animals were rabbits under pentobarbital 
(Nembutal) anesthesia, and the end-point 
was determined by slit-lamp observation 
and occurred when fluorescein ran down 
the endothelial or epithelial surface after 
being applied to the opposite surface. The 
assumption is made in interpreting all data 
that fluorescein, being a relatively polar 
substance, actually is an indicator for the 
movement of fluid through the eye in either 
direction. The findings that abrasion of 
epithelium facilitated anterior to posterior 
penetration and that abrasion of endothe- 
lium facilitated posterior to anterior pene- 
tration were perhaps not surprising. A 
truly unique finding was that when the dye 
was applied to the posterior surface and a 
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limited area of cornea was abraded, pene- 
tration of fluid under the abraded area was 
distinctly less rapid from posterior to an- 
terior direction than the fluid flow under 
the still intact corneal epithelium. These 
findings led the authors to postulate an 
active role for epithelium in conveying fluid 
from the posterior to anterior direction and 
the endothelium in conveying fluid from 
the anterior to posterior direction. Experi- 
ments on change in intraocular pressure 
suggested that this latter activity is coun- 
teracted in part by the intraocular pressure 
tending to force fluid from posterior to 
anterior. 

A single note on metabolism of the cor- 
nea appeared in the abstracts of the XVIII 
International Congress of Ophthalmology 
by Kurachi,” describing a study on the 
metabolism of the cornea in a 7-month live- 
born fetus in comparison to the adult. It 
was found that the Q., of cornea was 
higher in the 7-month fetus than in the 
adult and that the Q., of isolated cornea 
was maintained well for a period of 18 
hours when the cornea was preserved at 
5 C. A decrease of the corneal Qo, was 
observed in vitamin-A-deficient rabbits. 


A carefully executed histochemical study 
on developing rat cornea was reported by 


Kuhlman and Resnick.’* These authors 
used the microtechniques of Lowry which 
had been previously applied to brain and to 
retina. The technique involves making 
frozen sections of the tissue in question, 
drying the sections while in the frozen 
state, performing microdissection to sepa- 
rate a sufficient mass of the type of cell 
desired, weighing this mass on a quartz 
fiber microbalance, and determining en- 
zyme activity on a microscale by methods 
which are specific for each enzyme activity 
in question. The authors of the present 
study investigated the eye of the rat at birth 
and at 10, 20, and 100 days thereafter. 
They assayed for hexokinase, aldolase, 
lactic dehydrogenase, isocitric dehydro- 
genase, glucose-6-phosphate dehydrogenase, 
and glutamic dehydrogenase. Perhaps the 
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most striking finding was the high level 
of lactic dehydrogenase found in corneal 
epithelium. When the measurement was 
made in the direction of lactic formation, 
the authors found 77 moles per kilogram 
of dry tissue per hour of substrate acted 
upon, and when the adult rabbit and the cat 
were investigated, these yielded figures of 
1,500 and 103, respectively. In general, for 
all enzyme activities, the corneal epithelium 
increases until the 20th day, at which time 
a plateau is reached. Conversely, in the 
corneal stroma the activity of all enzymes 
per unit weight decreases with age. These 
changes parallel an increase in the relative 
number and mass of nucleated cells in the 
epithelium and a decrease in the number 
and relative mass of such cells in the stroma. 
The authors considered the activity of the 
glucose-6-phosphate dehydrogenase as a 
possible measure of the proportion of ac- 
tivity by way of the direct oxidative path- 
way and the activity of aldolase as a possible 
measure of activity via the Embden-Meyer- 
hof pathway, and they examined the ratios 
of these two activities for epithelium and 
stroma. They found an increase in the 
ratio from 3 to 5.8—the direct oxidation 
being increasingly more significant. Con- 
versely, this ratio decreased for corneal 
stroma. Isocitric dehydrogenase levels were 
found to be greater than those of glucose- 
6-phosphate dehydrogenase in the epithe- 
lium, and this led the authors to suggest 
that the citric acid cycle may play a more 
significant role in metabolism of the epi- 
thelium than credited to it by Kinoshita and 
Masurat (1954). The authors appreciated, 
however, that for such conclusions to be 
valid one must actually be comparing en- 
zyme activities which are truly rate-limit- 
ing, and this type of conclusion must be 
reached from several different approaches 
to have rigorous validity. Activities of 
hexokinase and aldolase were generally far 
below those of the enzymes previously 
mentioned. The writers believed that this 
confirms the work of Green and co-work- 
ers (1955), who considered hexokinase to 
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be a limiting step in lens and corneal 
metabolism. The authors suggested that 
aldolase is a second limiting step in the 
glycolitic scheme. Also hexokinase and 
aldolase do not increase in corneal epithe- 
lium from the newborn levels. It was 
suggested that this may represent a de- 
crease of glycolysis relative to the increase 
in the shunt mechanism. 


The Aqueous 


Significant among papers on the aqueous 
during 1958 was a comprehensive review 
published by Langham.* The reviewer 
noted a recent shift in emphasis from study 
of blood-aqueous permeability to the prob- 
lem of the control of the intraocular pres- 
sure, presumably stimulated by recent 
clinical studies. These have shown that 
increase in resistance to outflow is typical 
of clinical glaucoma and that glaucoma 
therapy depends either on modification of 
aqueous formation or of its outflow. 

Langham treated the subject of the 
aqueous under three chief headings, the 
first of which deals with the formation and 
circulation of the aqueous humor. This 
subject in turn he considered under three 
subheadings, the first of which is intra- 
ocular dynamics. He reviewed the evolu- 
tion of the mathematical formulation for 
the behavior of substances passing from 
blood to posterior chamber to anterior 
chamber. Later the behavior of specific 
substances, the monosaccharides, ascorbic 
acid, and water, are considered in detail. 

Under a second subheading Langham 
discussed the role of carbonic anhydrase in 
secretion of the aqueous humor and the 
numerous studies done with carbonic an- 
hydrase inhibitors—an area still replete 
with unresolved problems. 

Under a third subheading, the reviewer 
discussed the thermodynamic equilibration 
between aqueous humor and plasma. He 
rejected the differences found in osmotic 
pressure between these two fluids both by 
direct measurement and by measurement of 
change after dialysis as probably being due 
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to methodological error. He suggested that 
the bulk of the aqueous humor is in osmotic 
equilibrium with the blood. 

Under a second major heading Langham 
discussed the mechanism of drainage of 
fluid from the eye. He discussed the anat- 
omy of the outflow channels, the recent 
studies of the effects of hyaluronidase on 
outflow, and the question of the site of 
major resistance to aqueous outflow. 


In the third major section the reviewer 
discussed regulation of the intraocular pres- 
sure. In this section are discussed articles 
on the influence of pressure on formation 
and drainage of aqueous humor, the func- 
tion of central and peripheral nerve ac- 
tivity, and the nature of the stimulus to 
the homeostatic process. Certainly this re- 
view represents a satisfactory point of 
departure for anyone desiring current in- 
formation on problems and accomplish- 
ments in this field. 


Of the original papers on the subject 
of the aqueous humor, a number dealt 
with various aspects of the composition of 
the aqueous, and of these several were con- 
cerned with the protein content. Francois, 
Rabaey, and Evens * reported on a method 
of agar microelectrophoresis of the aqueous 
which required only 25yl. to 80ul. of aque- 
ous for its performance. Thus, from an 
anterior chamber puncture of 100yl. to 
1501. one could have material for the 
electrophoresis plus enough for additional 
microdeterminations. The method described 
by these authors involved removing salts 
by dialysis and concentrating by lyophiliza- 
tion. Electrophoresis was done in an agar 
layer 1.5 to 2 mm. thick on a microscope 
slide. A current of 8 to 12 ma. was al- 
lowed to flow for 10 to 30 minutes. At 
the end of the experimental period, the 
slide was fixed in acetic acid ethanol, dried 
at 37 C, stained with amino black 10B, 
decolorized in 5% acetic acid, and dried. 
After clearing in toluene the slide was 
mounted in resin and the bands were read 
in a densitometer—the resultant curves be- 
ing plotted on paper. Integration by planim- 
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eter or by weighing the cut-out curve 
gave total amount of protein in each 
electrophoretic band. 

The authors compared results on aqueous 
with those on serum and cerebrospinal 
fluid controls. It was found in the course 
of these investigations that y-globulin 
stains less intensely than a corresponding 
weight of albumin, and a correction factor 
of 1.85 had to be introduced for the 
y-globulin. Preliminary experiments on 
normal human aqueous showed that the 
albumin was in greater proportion and 
the y-globulin in smaller proportion than 
the corresponding serum. prealbumin 
peak is found in the aqueous as it is in 
cerebrospinal fluid. The proportion of 
a-globulin can be either greater or less 
than the corresponding serum, whereas the 
B-globulin is the most consistent and cor- 
responds in proportion to serum drawn at 
the same time. 

A report in a similar vein is that of 
Forsius,4* who used paper electrophoresis 
to determine proteins in the aqueous humor 
of enucleated eyes. Determinations were 
done on 44 eyes enucleated for various 
diseases from traumatic uveitis to absolute 
glaucoma. Electrophoresis was done on 
paper, and protein was stained with amino 
black 10B. The density was measured 
photometrically, and areas under density 
curves were integrated by planimetry. The 
author reported figures for a-l-, a-2-, B-, 
and y-globulins and for albumin. However, 
since numbers of these determinations 
were done on hypopyon eyes and on bloody 
intraocular fluids, the significance of these 
determinations for chemical pathology is 
subject to some conjecture. 

In a somewhat different direction is 
the immunoelectrophoresis study reported 
by Dubler and Scheidegger.**7 With use of 
a method previously described by Scheideg- 
ger in 1955, the authors placed several 
antisera in gelatin blocks and had the pro- 
teins of the aqueous sample migrate toward 
the antisera under the influence of an elec- 
tric potential. The results were rings of 
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precipitin reaction dependent on the rate 
of migration of the protein fraction and 
its antigenicity versus the antiserum. No 
quantitative results were reported. How- 
ever, the authors had the impression that 
in iritis the y-globulin of the aqueous is 
not elevated in proportion to that in the 
serum. 


In yet another paper on the presence of 
a protein in the anterior chamber, Langley 
and McCulloch ** demonstrated by means 
of the standard Ostwald viscosimeter that 
the viscosity of a vitreous filtrate is not 
altered by addition of an aqueous sample. 
With use of material from beef eyes as a 
control it was demonstrated that with a 
known active preparation of hyaluronidase 
the viscosity of the vitreous filtrate could 
be reduced to that of isotonic saline. Hence 
the authors concluded that aqueous of the 
beef eye contains no hyaluronidase. This, 
they point out is doubly significant for 
the aqueous humor because it makes it 
theoretically possible for the trabecular 
meshwork to contain hyaluronic acid, as 
postulated by Barany (1955), without its 
continuous erosion by aqueous enzyme. 

Another study by Giles and Harris ” 
deals with insulin levels in the aqueous. 
The insulin was labeled with I"*!, and its 
content in the aqueous was determined by 
precipitation with trichloroacetic acid and 
determination of radioactivity on the pre- 
cipitate. On the basis of various control 
experiments concerned with migration on 
paper with carrier insulin and with carrier 
plasma albumin, the authors concluded that 
insulin in the aqueous reaches a maximum 
45 minutes after intravenous injection and 
at this time reaches only 1/100 the plasma 
level. The authors concluded that this low 
level precludes the direct action of insulin 
on the lens, 

Hiickel * investigated how withdrawal of 
aqueous from one eye affected the protein 
content of the aqueous of the other eye. 
He used a dye precipitation determination 
with acetic acid and a methanol solution of 
amino black 10B. The precipitate was 
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washed, dissolved in base, and read in the 
colorimeter. The author found that when 
the second eye was punctured at varying 
intervals after the first eye was drained, 
the protein of the second eye aqueous fell 
to about 50% of that of the first eye and 
that this drop lasted from three to nine 
hours. He was unable to adduce a physio- 
logical explanation for this finding. 

Protein content of the aqueous in eye 
disease was studied by Remky,** who re- 
ported his results on 40 cases of uveitis. 
He measured total aqueous protein with 
an amino black micromethod comparable 
to that just described and compared find- 
ings with those of serum. To separate 
individual proteins he performed paper 
electrophoresis. This author stated that the 
albumin in the anterior chamber does not 
reflect the level in the serum and hence 
is actively transported. However, accord- 
ing to Remky, globulins do reflect the 
serum level. Nevertheless, on the basis of 
his determinations he was not able to dem- 
onstrate diagnostic significance for his 
aqueous protein determination. 

Moreau? reported on the proteins of 
the aqueous in chronic simple glaucoma 
obtained by anterior chamber puncture and 
separated by electrophoresis. In chronic 
simple glaucoma this author found the 
albumin to be lower and the globulin higher 
than in the normal subject, and he postu- 
lated a theory according to which loss of 
protein from the anterior chamber is de- 
termined by the size of the outflow chan- 
nels which selectively retain large molecules. 
This would require a pore size of outflow 
channel at least a whole order of magnitude 
smaller than the half-micron which is be- 
coming generally accepted today. 

A few reports dealt with other com- 
ponents of the aqueous. Auricchio and 
Wistrand** described the chloride content 
of the aqueous during unilateral horse 
serum uveitis in the rabbit. They tapped 
the inflamed eye and the control eye under 
aprobarbital (Numal) anesthesia 30 min- 
utes after heparinization. The chloride ion 
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content was determined potentiometrically. 
The normal eyes averaged 107.7 mEq. per 
liter +20, a figure comparable to normal 
values obtained by others. The uveitis eyes 
averaged 0.920+0.108, which is signifi- 
cantly different and perhaps not surprising 
in view of the necessary alterations in 
the blood-aqueous barrier caused by the 
inflammatory process. 

The oxygen content of the anterior cham- 
ber aqueous of the anesthetized rabbit was 
investigated by Drenckhahn and Lorenzen 24 
by a polarimetric method comparable to 
that reported by Heald and Langham 
(1956). The present authors used a plati- 
num electrode in the anterior chamber and 
a calomel reference electrode in a saline 
pool in the cul de sac. They found pOs 
equal to 21 to 46 mm. of mercury, com- 
pared to 26 to 80 for Heald and Langham. 
When the animals were allowed to breathe 
pure oxygen, there was a rapid rise to 
saturation in 20 to 25 minutes. On stopping 
oxygen, the oxygen content fell to an 
asymptotic value in the same period of 
time. The authors concluded from this that 
the solubility of oxygen in the aqueous 
is the limiting factor in the oxygen con- 
tent of the aqueous humor. 

Another series of papers had bearing 
on the mechanism of aqueous formation by 
investigating the content of inorganic ions, 
the osmotic pressure, or the influence of 
carbonic anhydrase inhibitors on aqueous 
composition. In this category is a report 
by Kinsey and Palm on the penetration 
of sodium and thiocyanate into the posterior 
and anterior chambers.** This is essentially 
the recalculation of the data presented by 
these authors in an earlier paper (Kinsey 
and Palm, 1950). Correction has been made 
for the amount of thiocyanate bound to 
plasma protein, a factor not considered in 
the previous paper and criticized by Dav- 
son, Curves were fitted for the recalculated 
data, and transfer coefficients were calcu- 
lated. The data were found to be con- 
sistent with a flow rate of 1% to 1.25% 
per minute, or, in Kinsey’s transfer equa- 
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tions, a flow constant of 0.010 to 0.0125. 
The authors stated that from these recalcu- 
lated data, too, the most logical assumption 
is that sodium enters the posterior chamber 
by secretion, but that thiocyanate is subject 
to a two-way process; that is, diffusion. 
They also consider their results consistent 
with the hypothesis that both sodium and 
thiocyanate enter the anterior chamber by 
flow from the posterior chamber and by 
diffusion across the iris-aqueous barrier. 
Both ions are believed to leave the anterior 
chamber by flow and by back diffusion. 

Another paper bearing on the mechanism 
of aqueous formation is that of Levene. 
This author repeated the experiment of 
Duke-Elder and co-workers, in 1949, in 
which the question of aqueous as a secre- 
tion was approached by dialyzing aqueous 
against plasma, measuring concentrations of 
each before and after dialysis, and ascer- 
taining whether a difference in concentra- 
tion of each was detectable as a result of the 
dialysis. The finding of such a difference 
was interpreted by the earlier workers as 
indicating that aqueous was secreted by an 
energy-utilizing process. In the present set 
of experiments, the aqueous from seven 
rabbits representing 1.5 ml., was dialyzed 
across a cellulose membrane against a vol- 
ume of plasma 10 times as great. Sodium 
and potassium were measured by flame 
photometer and osmolarity was determined 
by freezing-point depression with the Fiske 
osmometer on a 0.2 ml. sample. The results 
confirmed the earlier report that there is 
an excess of sodium ion in the aqueous. 
However, Levene presented evidence that 
the sodium excess is balanced by a de- 
ficiency of other substances so that there 
is no great difference in osmolarity of aque- 
ous and plasma. The author suggested that 
these results do not favor the primary 
transport of bicarbonate followed by sec- 
ondary transfer of sodium ion, because the 
potassium ion has a greater mobility than 
the sodium ion. If one were dealing with 
secondary diffusion, one would expect the 
more mobile cation to be the one present 
in the aqueous in higher concentration, 
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A report by Green, Mann, and Paul con- 
cerns itself with the contribution of the 
lens to the bicarbonate content of the aque- 
ous humor of the rabbit.27 In a series of 
rabbits, these authors produced monocular 
cataracts by massaging the anterior lens 
surface with an iris-repositor through a 
small incision; in other animals, taey cre- 
ated a monocularly aphakic animal by per- 
forming extracapsular extraction of the 
lens. In the cataractous eye, they found no 
change of bicarbonate concentration or pH 
in comparison with the contralateral con- 
trol eye. In the aphakic eye, the pH was 
found to be unchanged, but the bicarbonate 
concentration of the anterior chamber was 
8% less and in the posterior chamber 13% 
less than in the control. This anterior cham- 
ber difference represented 7% of the total 
bicarbonate and 22% of the excess of bi- 
carbonate over the blood plasma level. The 
difference in the posterior chamber repre- 
sented 11% of the total bicarbonate of the 
aqueous and 25% of the excess aqueous 
concentration over that of the blood plasma. 
In discussing these results, the authors 
stated that one cannot account for this 
quantity of bicarbonate by the lens pro- 
duction of COs. As an alternative, it is 
suggested that active transport of bicar- 
bonate ion into the posterior chamber is 
stimulated by elaboration of lactic acid by 
the normally metabolizing lens and that in 
the absence of this stimulation the bi- 
carbonate concentration in the posterior 
chamber is significantly decreased. 

Of the several papers dealing with 
carbonic anhydrase inhibitors, one involved 
measurement of osmolarity in the dog and 
rabbit as a result of acetazolamide injec- 
tion.2* For these experiments, Levene used 
the restrained, conscious animal with topi- 
cal tetracaine (Pontocaine) anesthesia, The 
aqueous puncture for the control eye was 
made in the right eye, and five days 
later, after administration of acetazolamide 
(Diamox), aqueous was collected from the 
left eye. Results obtained by freezing-point 
depression measurement with the Fiske 
osmometer showed, for rabbits, an aqueous 
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concentration of 300.6 mOsm. per kilogram 
and for plasma, 298.5 mOsm. per kilogram, 
a difference of only 2.1 mOsm, Two-and- 
one-half hours after injection of acetazol- 
amide, there was a parallel decrease in the 
osmolar concentration of both aqueous and 
plasma. As the author pointed out, even 
though statistical analysis yields a standard 
error of the difference of means of 0.6% 
to 0.7% of the normal osmolar concentra- 
tion, this may be misleading, for an osmolar 
change of more than twice this error may 
be biologically significant. He also points 
out that the presence of a measurable aque- 
ous-to-plasma osmolar gradient is not neces- 
sary for net fluid transfer across the 
blood-aqueous barrier. If the ease of water 
transfer were much greater than that of 
solute transfer, the secretion of an osmoti- 
cally active particle would be immediately 
followed by an associated osmotic transfer 
of water, even though no measurable 


steady-state osmotic gradient could be dem- 
onstrated. 
In still another paper, Levene *® described 


sodium and potassium concentration changes 
in the same animals treated with acetazol- 
amide. He found that 30 minutes after 
administration of the drug, there was a 
small but equal decrease in the concentra- 
tion of potassium in aqueous and plasma, 
and that this was significantly greater than 
in animals given a control injection of 
isotonic saline. There was no effect on 
sodium concentrations detectable. However, 
since for the flame-photometer determina- 
tion used the standard error of the differ- 
ence of the means for sodium was 1.3% 
of the normal sodium concentration, the 
author stated that a physiologically signifi- 
cant change might well escape detection. 
On other grounds, too, the author still 
favored active transport of the sodium ion 
as the primary mechanism in aqueous 
formation. 

A newer carbonic anhydrase inhibitor, 
dichlorphenamide (Daranide) figures in a 
report by Tanner and Harris,*° who meas- 
ured freezing-point depression in the Fiske 
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osmometer for rabbit aqueous before and 
after administration of the drug. The au- 
thors found the mean value for the aqueous 
to be equivalent to 294.3 mOsm. for the 
rabbit, with a mean aqueous-plasma dif- 
ference of 1.76. The figures for the cat 
were 316.5, with a difference of 2.10. No 
change in these values was observed after 
administration of dichlorphenamide or di- 
benamine, an adrenergic-blocking agent— 
both substances known to lower intraocular 
pressure. Under osmotic stress, with the 
plasma made hypertonic by intravenous 
glucose or saline or made hypotonic by 
intraperitoneal injection of hypotonic glu- 
cose, the cat still showed no measurable 
change in osmotic pressure of aqueous. The 
rabbit was more labile, however, and aque- 
ous tended to follow the plasma osmotic 
pressure, the change being two-thirds that 
of the plasma change. 

A bit of research not directly on the 
eye but of significance because it deals 
with a side-effect of an carbonic anhydrase 
inhibitor was reported by Shah, Constant, 
and Becker.** It has been recognized that 
persons receiving acetazolamide at dosage 
levels used for glaucoma are prone to for- 
mation of renal calculi, chiefly of calcium 
oxalate (Persky and co-workers, 1956). 
Previous experimental and clinical work 
had .suggested a role for citrate in chela- 
tion, and hence solubilization of urinary 
calcium, and had indicated a decrease of 
citric excretion in experimental animals 
treated with carbonic anhydrase inhibitors. 
The present report concerning 24-hour uri- 
nary citrate excretion before and just after 
250 mg. of acetazolamide showed a mean 
decrease of citrate excretion of 62% with- 
out corresponding decrease of calcium ion 
excretion. Patients on long-term acetazola- 
mide treatment showed a mean citrate value 
of only 10% to 15% of the normal, and 
patients with renal colic showed similarly 
decreased citrate excretion. However, no 
difference could be demonstrated in the 
urinary citrate of the colic patients com- 
pared to the noncolic patients. 
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One report by Auricchio ** concerned 
the osmotic pressure of the aqueous during 
experimental uveitis in the rabbit. In these 
experiments rabbits were sensitized to 
horse serum by intravitreous injectién and 
shocked 10 days later by an intravenous 
dose of horse serum. When the osmotic 
pressure of the aqueous was examined by 
the vapor-pressure technique of Hill and 
Baldes, there was a consistent decrease of 
the aqueous osmotic pressure in the dis- 
eased eye, although no difference was ob- 
servable between anterior and posterior 
chambers. The question arises whether this 
effect is a reflection of a decrease in aque- 
ous secretion. 


The Uvea 


One of the few publications on the bio- 
chemistry of the uveal tract was that of 
Waitzman and Ballintine on the adenylic 
acid deaminase activity of ciliary process- 
es.53 These authors described an enzyme 
present in extracts or homogenates of ciliary 
processes from hog or rabbit which is able 
to deaminate adenosine-5-phosphate and 
which has no activity versus the 3-phos- 
phate. The enzyme worked most effectively 
when ATP or ADP were present in 
equimolar amounts. The activity was pres- 
ent, though in diminished quantity, in 
acetone powder and was destroyed com- 
pletely by boiling. The pH optimum was 
7.0. The amount of enzyme in ciliary proc- 
esses compares favorably with the most 
active tissue investigated previously by 
Kutscher and Sarreither (1948)—namely, 
skeletal muscle. The authors suggested 
three possible functions for the enzyme 
in ciliary process. They suggested that 
there may be some need to regulate 
the level of AMP whether because of its 
intrinsic nature or because its vasodilator 
activity might affect the blood supply of 
the region. Another possibility is that this 
is an indirect method for regulating physio- 
logical processes in which AMP plays an 
essential part, such as activation of iso- 
citric dehydrogenase, protection of TPN, 
or involvement in an ion pump. 
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A curious report by Sowden and Pirie * 
discloses that the choroid of herbivores 
contains unusually high concentrations of 
barium. These workers ashed the pooled 
tissues from several eyes of calf, beef, 
rabbit, and man and used the rather new 
technique of activation analysis. By bom- 
bardment of the ash with thermal neutrons 
radioactivity could be induced in the ele- 
ments of the ash, notably barium and 
strontium. In each of these, the stable 
isotope in greatest abundance, barium’** 
and strontium*, absorbs a neutron to form 
a f-emitting isotope of the next higher 
atomic weight. By chemical separation with 
carriers and by radioactivity characteristics, 
barium and strontium can be analyzed for 
separately. Curiously, in the calf, the beef, 
and the adult rabbit eye elevated figures 
for barium were found, but in the human 
eye, either newborn or adult, the value was 
comparable to that found in soft tissue else- 
where. In the cattle only, the sclera was 
also found to have elevated values for 
barium but not of the order of magnitude 
found for the choroid and tapetum. A note 
on the iris appeared in the papers of 
Steinvorth and Miinich cited above.?? 
These authors found that glycoprotein 
analysis of iris and lipoprotein analysis of 
iris each gave three distinguishable peaks, 
although further identification of these 
substances was not made. 


The Lens 


The literature on the lens during the 
report period was again plentiful, with in- 
terest focused as in previous years on some 
aspect of the cataract problem. A number 
of papers dealt with the chemical composi- 
tion of the lens, and, of these, two con- 
cerned the water content. Cascio and 
Ponte * followed the water uptake of calf 
lenses at 37 C for six hours, with use of 
assorted media: Tyrode’s, aqueous, and 
blood serum. They weighed lenses each 
hour and reported the average weight in- 
crease for 12 lenses in each group. Over 
the six-hour period the lenses gained 2% 
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in weight in serum and nearly 3% for the 
other two media. In isotonic saline, there 
was a gain of 17%, indicating more ex- 
tensive membrane damage from the simpler 
media. Of all media tried, Tyrode’s con- 
taining potassium gave the least increase 
in weight, namely, 1.5% in six hours, 

A somewhat more complex set of ex- 
periments was performed by Huggert and 
Odeblad,®* who investigated the exchange- 
able water of the cattle lens. Their method 
involved allowing the lenses to equilibrate 
with the lens culture medium of Merriam 
and Kinsey (1950), containing D2O. At 
the end of the experimental period, the 
lenses were removed, rolled in filter paper 
to remove excess medium, divided into 
cortex and nucleus, and each sample 
wrapped in aluminum foil. The D2O con- 
tent of each sample was then determined 
by the ingenious method of Odeblad (1956). 
In this method the test tube containing the 
sample is immersed in a flask of Na**Cl. 
Around the flask thin sheets of indium 
metal are placed and around this paraffin 
and a lead box. The y-radiation from the 
radioactive sodium induces disintegration of 
the deuterium, each atom of which gives 
rise to a neutron and a proton. The neu- 
tron is absorbed by the indium foil, creat- 
ing a short-lived radioactive isotope of 
indium, In™*, which emits high energy B- 
and y-radiation. The radioactivity of the 
indium isotope can be measured in a scintil- 
lation counter, and when conditions are 
kept constant there is a nearly linear rela- 
tionship between indium activity and D,O 
content of the original sample. With this 
technique, one has the advantage of stabil- 
ity and ease of handling of a heavy isotope 
and the sensitivity of the radioactivity de- 
termination. 

The authors found that for the cattle 
and calf lenses used, the final values cor- 
responded to 80% to 90% of the total 
water content being exchangeable, but the 
rates of this exchange varied considerably. 
The exchange for lens nucleus is complete 
in 10 to 15 hours for older lenses, in 6 
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to 10 hours for 1- to 4-year-old lenses, 
and 5 to 6 hours for the lenses of calves. 
For the cortex, exchange required only one 
to two hours. 

A very careful piece of investigation was 
reported by van Heyningen and Pirie on 
acid-soluble organic phosphate compounds 
in the lens.*7 The work described a chro- 
matographic separation procedure, designed 
to clarify the discrepancy between the re- 
sult obtained by an enzymic method and 
a barium-solubility method in a previous 
investigation. Most of this work was done 
on a trichloroacetic acid filtrate of lens, 
which was divided into a barium-soluble 
and a barium-insoluble fraction. The bari- 
um-soluble fraction was passed through a 
column of Amberlite IR-120 and then 
through a column of Amberlite IR-4B. 
The effluent from the second column was 
considered the basic fraction, the eluate 
from the IR-4B column was considered the 
acidic fraction, and the barium precipitate 
after decomposition by shaking with Am- 
berlite IR-120 was labeled the barium- 
insoluble fraction, Precipitation by boiling 
with dilute acetic acid or extraction of the 
lens with 80% ethanol at room temperature 
were used less frequently to prepare start- 
ing solutions. 


Each of the fractions described previ- 
ously was chromatographed on paper, and 
each of the significant substances was dem- 
onstrated on the paper by a specific chemi- 
cal reagent. From the basic fraction, the 
authors identified phosphorylethanolamine 
(PE), taurine, glycerylphosphorylethanola- 
mine (GPE), phosphorylcholine (PC), 
glycerylphosphorylcholine (GPC). The acid- 
ic fraction yielded a-glycerophosphate and 
nucleotides, of which adenosine monophos- 
phate (AMP) and uridine monophosphate 
(UMP) were positively identified. The 
barium-insoluble fraction yielded adenosine 
triphosphate (ATP), adenosine diphosphate 
(ADP), uridine triphosphate (UTP), and 
uridine diphosphate (UDP). Of the above, 
PC, GPC, PE, and GPE had not previ- 
ously been found in lens. Less positive 
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identification was made of UMP, UDP, 
and UTP. 


Two very similar reports, also on acid- 
soluble small molecules, appeared from two 
other laboratories during the same period. 
Mandell and Klethi and Duda and Pogell 
both reported on the acid-soluble nucleo- 
tides of bovine lens, and both reports were 
based on Dowex chromatography of per- 
chloric-acid-extracted lenses.**® Mandell 
and Klethi separated their lens into three 
fractions: the capsule-epithelium and thin 
subepithelial layer, the cortex, and the 
nucleus. They published values for each 
of these zones and a calculated corrected 
value for the epithelium minus the esti- 
mated amount of cortex which was adherent 
to this fraction. The AMP and ADP and 
the monophosphates of guanosine, uridine, 
and inosine all were found to be higher in 
the nuclear portion than in the other zones. 
However, correction for content of cortex 
made the calculated value for epithelium 
alone higher than these. All the other 
nucleotides found which were di and tri- 
phosphates were in higher concentration in 
the outer zone. These were UDP, acetyl 
glucosamine (AG), uridine diphosphate 
glucose (UDPG), cytidine triphosphate 
(CTP), ATP, and the monophosphates of 
guanosine (GMP) and uridine. 


The identical series with the exception 
of CTP and with the addition of diphos- 
phopyridine nucleotide (DPN) were re- 
ported by Duda and Pogell. These authors 
also reported the nucleotide contents of 
corneal epithelium. (Stroma had a small 
content that was not worked up.) They 
found DPN, AMP, GMP, UMP, IMP, 
ADP, UDPAG, and ATP. The content of 
IMP in corneal epithelium was particularly 
high. 

In the same general area was the de- 
termination of the coenzyme A content of 
animal and human eyes by Pitter and 
Dardenne.”” These authors used a water 
extract of lens deproteinized by isoelectric 
precipitation at pH 5.85. The supernatant 
was used in the determination, according 
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to Kaplan and Lipmann, involving the 
acetylation of sulfanilamide. Their mean 
figures in micrograms of Co-A per gram 
of wet weight lens were 16.5 for beef eye, 
19.5 for pig eye, and 25.9 for human eye. 
There was a measurable decrease in the 
human lens content with age and a sharp 
decrease in cataractous lenses. The value 
for man was measurably higher than that 
for animals. 


This report period also saw continuation 
of the work of Waley on his new tripeptide, 
which he had named ophthalmic acid.4%4 
In Paper 3 of his series, Waley describes 
the proof of structure of the peptide which 
had been isolated earlier and which had 
been shown to contain glutamic acid, 
a-aminobutyric acid, and glycine. Paper 
electrophoresis showed the mobility ex- 
pected for a y-linked peptide of glutamic 
acid, Therefore, the author proposed a 
structure of glutamyl-aminobutyryl-glycine 
in exact analogy to glutathione. This struc- 
ture was proved by synthesis. Benzyloxy- 
carbonyl-l-a-a mino-n-butyrylglycine was 
prepared by the mixed anhydrides method. 
This intermediate was hydrolyzed and re- 
duced to 1-a-amino-n-butyrylglycine. The 
hydrazide of benzyloxycarbonyl y-1-glu- 
tamic acid was converted to the azide and 
condensed with the above dipeptide, giving 
a crude product. From this the y-compound 
can be obtained by extraction from organic 
solvent solution with aqueous alkali, fol- 
lowed by precipitation of copper salt and 
crystallization. This synthetic product 
proved to be identical in all respects 
with the naturally obtained material. The 
author discussed the similarity of this com- 
pound to glutathione (GSH) and suggested 
the possibility that it may act as an anti- 
coenzyme in reactions where GSH _ is 
catalytic. 

In Paper 4 of the series, Cliffe and 
Waley *? describe the biosynthesis of oph- 
thalmic acid. With use of available knowl- 
edge about the synthesis of glutathione, the 
authors were able to devise a system which 
synthesized ophthalmic acid. The amino 
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acids or peptides were present in 8mM. 
concentration except d-l-a-aminobutyric 
acid, which was 16 mM. The mixture con- 
tained ATP 2.5 mM., 3-phosphoglyceric 
22 mM., KCl 42 mM., MgSO, 0.4 mM., 
and phosphate buffer at pH 6.4. Of the 
10 ml. of solution, three-fourths represented 
a one-to-one homogenate of calf lens. The 
reaction was allowed to proceed at 37 C 
for five hours. Samples were removed, 
deprotenized with hot ethanol, and evapo- 
rated; the residues were subjected to paper 
electrophoresis in 10% propanol-2; the 
product was identified as ophthalmic acid 
by its chromatographic and electrophoretic 
mobility, by isolation on paper, by hydroly- 
sis and identification of the amino acids 
in the proper ratio, and by comparison of 
an x-ray powder photograph of the copper 
salt with an authentic specimen. 

The yield was affected by the presence 
of the enzyme y-glutamyl lactamase which 
was present in the lens extract and which 
cyclizes y-glutamyl peptides to 5-oxopyrol- 
lidine-2-carboxylic acid and liberates the 
second amino acid in the free form. Thus, 
lens extracts converted y-glutamyl amino- 
butyric acid to 5-oxopyrollidine-2-carboxyl- 
ic acid plus aminobutyric acid. Free 
glutamic acid and the tripeptide ophthalmic 
acid did not undergo this reaction. 

The authors then outlined the steps in 
the synthesis as involving two main stages. 
In the first, glutamic acid plus aminobutyric 
gave y-glutamyl e-aminobutyric acid. In 
the second step, this dipeptide plus glycine 
gave ophthalmic acid. The presence of the 
lactamase in lens results in the dipeptide 
decomposing more than the tripeptide is 
formed, but still enough tripeptide is avail- 
able for detection. In the course of isola- 
tion of the ophthalmic acid, the authors 
also found two additional tripeptides: 
glutamyl-alanylglycine and, probably, glu- 
tamyl-threonyl-glycine. These were in much 
smaller quantity, however, than the butyryl 
compound. 

A number of publications were concerned 
with the chemistry of the lens proteins. 
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One of these, by Kinoshita and Merola, 
described the distribution of sulfhydryl 
groups in glutathione and protein of the 
lens.** These workers determined total SH 
groups by an amperometric titration, with 
use of a mercury-mercuric-oxide-saturated 
barium hydroxide electrode as reference 
electrode, according to the method of 
Benesch (1955). GSH was determined by 
the usual nitroprusside reaction on a tri- 
chloroacetic acid filtrate of lens. In one 
set of experiments, cortex and nucleus were 
determined separately. In another set of 
experiments, the a-, 8-, and y-fractions of 
the lens protein were separated and de- 
termined separately. Figures are published 
both for beef eyes and for calf eyes. The 
authors found higher glutathione in cortex, 
higher protein sulfhydryl in the nucleus. 
In the isolated proteins the B- and y-pro- 
teins are sulfhydryl rich; the a-proteins 
have a low sulfhydryl content. Young 
lenses have a greater proportion of B- and 
y-proteins and consequently a greater sulf- 
hydryl content than in the adult animals. 

A similar report is that of Thomann, 
who described amperometric determinations 
of sulfhydryl groups in animal lenses.“ 
This author did an amperometric titration 
of sulfhydryl groups with ammoniacal sil- 
ver, using a homogenate of lens in distilled 
water. The apparatus employed a moving 
platinum electrode versus a  mercury- 
mercuric iodide electrode connected with a 
salt bridge. The graph obtained shows two 
slopes whose intersection is the end-point. 
Nonprotein sulfhydryl was determined on 
a trichloroacetic acid filtrate from the lens 
homogenate. The results obtained for beef, 
calf, and pig lenses which ranged from 
406 to 442 mg/100 gm. of lens represent 
values some 50% of those reported by the 
American authors. 


A Russian communication by Firfarova 
gives the amino acid composition and the 
terminal amino acids of a-crystallin.® This 
author described a crystalline preparation 
of beef a-crystallin, reported by him in 
1954, which was homogeneous by electro- 
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phoresis and ultracentrifugation. It had a 
molecular weight of 800,000. The protein 
was hydrolyzed in a sealed vial with 6 N 
HCl for 24 hours. The dinitrophenyl com- 
pounds were made with dinitrofluoroben- 
zene, and these were extracted with ether. 
The ether extract was evaporated and the 
residue applied to paper for chromatog- 
raphy. A two-dimensional chromatogram 
with butanol-ammonia and phosphate buff- 
er at pH 6 develops characteristic spots. 
Tyrosine and tryptophane were determined 
spectrophotometrically in the original hy- 
drolysates. The percentage composition was 
given, and, as might be expected, these 
differ widely from the figures of Jess 
(1920). 

In more general terms, Hockwin, New- 
mann, and Kliefeld described the change 
with age in the three electrophoretically 
distinguishable proteins of guinea pig and 
calf lens.“© They demonstrated that total 
protein goes up in the beef lens as the 
lens increases in weight from 1 to 3 gm. 
The albuminoid rises slowly to 2 gm. lens 
weight, then rapidly. The crystallins rise 
to 2 gm. lens weight, then fall. No parallels 
are drawn with the behavior of a- and 
8-crystallin, but each of the three electro- 
phoretically separate fractions show distinct 
differences in behavior. 

Francois and Rabaey investigated the 
permeability of the capsule for the lens pro- 
teins. They used the isolated ox anterior 
lens capsule as a dialysis membrane. They 
washed the capsule thoroughly with dis- 
tilled water to remove all remnants of cells. 
A container with its open end closed by 
the lens capsule membrane was filled with 
distilled water and placed in an extract of 
ox lens protein at 4 C for 15 hours. After 
the elapsed time the original extract and 
the contents of the small container were 
subjected to microelectrophoresis on agar 
at about 3 C in barbital (Veronal) buffer. 
In the extract there was no trace of a- 
crystallin and no trace of the rapidly mi- 
grating fractions. The capsule was highly 
permeable for the slow fractions designated 
T-1 and T-2. These are embryonal protein 
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and have low molecular weights. The mem- 
brane was also permeable to the most basic 
of the medium rate fractions, M;. It is 
perhaps worth mentioning in this connec- 
tion that one must be cautious about con- 
clusions drawn from experiments with 
isolated lens capsule. It was found in my 
laboratory that any attempt to isolate the 
lens capsule resulted in complete destruc- 
tion of the transcapsular potential and with 
this a presumably drastic change in capsular 
permeability.*® 

In the papers of Steinvorth and Miinich 
previously cited,’* glycoproteins and lipo- 
proteins of the lens were also investigated, 
and within each of these categories three 
peaks were obtained, although the nature 
of each of these substances was not further 
investigated. 

A report by Halbert and Fitzgerald de- 
scribes the immunologic organ specificity 
of the proteins of the lens.*® These work- 
ers immunized rabbits against lens homo- 
genates in Freund’s adjuvant, and they 
used human, frog, teleost (Menhaden), 
and squid lenses. With use of a modifica- 
tion of the Ouchterlony agar diffusion 
plate technique, they were able to demon- 
strate how many bands of precipitate the 
antiserum against a specific type of lens 
was able to produce with homogenates of 
that specific type and the others mentioned. 
When human lens homogenate was used 
as the original antigen, seven bands oc- 
curred against human lens extract, five of 
these bands cross reacted with rabbit lens, 
three with frog, two with the fish, and 
none with the squid. Against frog antise- 
rum there were five components with frog 
lens, four with rabbit lens, three with 
human lens and fish lens, and none with 
squid, again. Against fish lens four com- 
ponents were demonstrable, three cross re- 
acted with the frog, two or three with 
human, and none with the squid. The squid 
lens reacted only with itself, giving four 
components, one of which was predom- 
inant. Additional cross absorption experi- 
ments were performed where one antiserum 
was absorbed with the homogenate and the 
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remaining components allowed to react with 
the antigen in the center well. That the 
number of immunological substances, dem- 
onstrated by this method, exceeds the 
number of proteins generally believed to 
exist in lens is of considerable significance. 

The paper of Dark, cited previously,’ 
also contains a description of the lipid in 
the bovine lens. Using the Sudan black-B 
stain, Dark described lipid corpuscles in 
the lens and, particularly, lipid deposits in 
the anterior lens epithelium. 

The metabolic aspects of the lens re- 
ceived less attention during the period in 
question. However, a study of the C™ glu- 
cose metabolism of the lens, by Kinoshita 
and Wachtl,” represented a careful repeti- 
tion of the earlier work done by Kinoshita, 
in 1955, on the relative amount of glucose 
metabolism by each of the three major 
known pathways. In this paper rabbit 
lenses, cultured according to the technique 
of Merriam and Kinsey (1950), were 
utilized as the metabolizing tissue rather 
than lens homogenates as in the previous 
paper. A total of eight lenses was cultured 
for a period of 24 hours in an atmosphere 
of 7% oxygen, 5% COs, and 88% nitro- 
gen. Four of these lenses were given glu- 
cose with the C-1 labeled and four with 
the C-6 labeled. The mean utilization of 
27M. of glucose with production of 414M. 
of lactic acid (determined chemically) indi- 
cated that glycolysis was the chief pathway. 
As additional proof, a single lens with 
uniformly labeled glucose converted 82% 
of the carbon to lactic acid; there was only 
2.3% as COs in this particular experiment, 
leaving 10% to 17% of the carbon un- 
accounted for. Comparing the amount of 
COz produced from C-1-labeled and C-6- 
labeled glucose, it was found the ratio of 
C-1 to C-6 was between 33 to 1 and 64 
to 1, in comparison with 35 to 50 in the 
previous work on homogenates—a _ reason- 
ably close agreement. 

The authors concluded that most of the 
metabolic activity is glycolytic and only 
9% to 14% is oxidation. Of this oxida- 
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tion by far the most is via the gluconic acid 
pathway. There is little doubt that the 
major role which the authors assign to 
glycolysis is correct; there is still some 
question as to how accurate the ratio be- 
tween the gluconic acid shunt-pathway and 
the tricarboxylic acid pathway may be. As 
was pointed out in connection with the 
earlier report, if the carbon from the 6- 
labeled glucose enters a larger set of 
pools of intermediates in the tricarboxylic 
acid path than does the 1-labeled glucose 
in the gluconic acid path, then an erroneous 
impression of lesser activity by way of 
the tricarboxylic acid cycle may result from 
this differential dilution. That both path- 
ways exist and that each is negligible in 
comparison to the glycolytic path is, how- 
ever, beyond question. 

In the paper by Kuhlman and Resnick, 
cited previously,” the lens of the develop- 
ing rat eye was studied as well as the 
cornea. Microsamples of frozen dried lens 
were dissected out and used for enzyme 
assay, according to Lowry. The authors 
suggested that the concentration or the ac- 
tivity of glucose-6-dehydrogenase be con- 
sidered a measure of the oxidative pathway 
and the amount of aldolase, a measure of 
the glycolytic pathway. In both the cortex 
and the nucleus of the lens, the relative 
amount of glucose-6-dehydrogenase and 
presumably the relative importance of the 
gluconic acid pathway decreases through 
the course of development. In the capsule 
plus epithelium there is no change in this 
activity from the 20th day to adulthood. 
In lens, too, isocitric dehydrogenase is 
greater in concentration than glucose-6- 
dehydrogenase. The authors took this as 
an indication that the citric acid cycle is 
possibly of greater importance than credited 
by Kinoshita (see above). The concentra- 
tions of hexokinase, aldolase, and glutamic 
dehydrogenase are so low that it is dif- 
ficult to follow the connection between 
enzyme level and stage of growth. The au- 
thors suggested that this confirms the 
statement of Green that hexokinase is the 
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limiting step in lens metabolism and that 
aldolase may be a similar narrow pathway. 
For the lens, these levels check with the 
published figure of glucose consumption at 
0.14 mg. of glucose per milligram of lens 
per hour. 

A note by De Conciliis and Testa stated 
that thiaminase is not present in the lens.5! 

Two papers appeared, during 1958, deal- 
ing chiefly with a medium for in vitro 
culture of lenses. From the Kresge Eye 
Institute (KEI), Wachtl and Kinsey ® re- 
ported a second KEI medium for culture 
of whole lenses. It differs from their first 
medium in that a-ketoglutarate was replaced 
by glutamine; TPN was added, and six 
of the nucleosides and copper sulfate were 
omitted. This medium supports the normal 
level of mitotic activity for 9 hours; the 
period can be extended to 18 hours with- 
out adverse effect on mitotic activity, if 
the medium is drained and replaced after 
the 9-hour period. At the end of 24 hours, 
mitoses have declined to 60% of the normal 
figure. Glucose consumption and_ lactate 
production, however, remain normal for at 
least seven days, as does the maintenance 
of ascorbic acid concentration. The con- 
centration of glutathione is maintained for 
two days. 

A similar report is that of Constant,5* 
whose medium is based on a standard com- 
mercial tissue-culture medium—Difco No. 
TC-199. In addition to the usual inorganic 
ions, this medium contains large numbers 
of amino acids and a number of coenzymes. 
The chief difficulty was found to be the 
low buffering capacity of the medium, and 
when this was increased by adding 9% to 
34% of tris buffer (tris [hydroxymethyl] 
aminomethane), the normal mitotic activity 
could be maintained for 16 hours. In sev- 
eral experiments with 29% buffer, the ac- 
tivity was maintained for 20 to 24 hours. 

Of the papers on the biochemistry of 
cataract, one by Hockwin and Bergeder ™* 
dealt with the action of high levels of x-ray 
on the oxygen uptake of explanted rabbit 
lenses. The determination was done polaro- 
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graphically and was begun one hour before 
irradiation. Then 90,000 r were delivered 
and measurements continued for another 
hour. Considered over-all, there is a wide 
scatter and no correlation between the figure 
for before and after irradiation. If one 
subdivides the lenses by age, one finds an 
increase from normal in the average per 
cent uptake in the embryonal lenses, a de- 
crease in the young lenses, and no effect 
in middle-aged and old animals. One would 
be tempted to class short-term oxygen up- 
take measurements as another one of that 
large category of determinations which 
seemed likely to be a measure of lenticular 
damage but turn out not to be so. 

A note by Straub and Krause gives spe- 
cific details on the protection by cysteine 
against irradiation cataract. An ample 
cataractogenic dose is 1,000 to 2,000 r. If 
cysteine is given subcutaneously in 10% 
solution at a level of 0.5 gm. per kilogram 
two hours or less before irradiation, cata- 
ract development is prevented. 

The article of Seedorf®* on galactose 
cataract is significant for its excellent re- 
view of the biochemistry of galactosemia 
to date. Using two cases of galactosemia 
with cataract in two brothers as his point 
of departure, Seedorf went on to give an 
up-to-date picture of the biochemical defect 
in this congenital disease. He pointed out 
that in the normal person galactose is uti- 
lized by conversion to glucose and is then 
metabolized along the usual lines that glu- 
cose follows. Citing Kalckar and Max- 
well,5’ he gives the three steps in conversion 
of galactose to glucose: 


Galactokinase 
1. Galactose (Gal) +-ATP Gal-1-P 
2. Gal-1-P+UDPG Gal-1-P-uridyl transferase 


G-1-P+-UDPGal 
3. UDPGal 
UDPG =uridine diphosphoglucose 
UDPGal=uridine diphosphogalactose 
The question arises where in the system 

is the location of the metabolic block, or, 

to be more specific, the congenital absence 
of an essential enzyme. In galactosemia 
there has been demonstrated an accumu- 
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lation of galactose-1-phosphate, so the block 
must lie at Step 2 or Step 3. Kalckar was 
able to demonstrate that in hemolysates or 
liver biopsy specimens from galactosemics 
that galactose-l-phosphate uridyl trans- 
ferase, the enzyme of Step 2, was either 
very low or zero in concentration; hence, 
the accumulation of galactose-1-phosphate. 
Exactly how excess of this compound in- 
hibits the metabolism of glucose is another 
chapter which is yet unclear. 


Finally, one must not fail to mention 
the year’s outstanding example of the ap- 
plication of laboratory biochemistry to 
clinical ophthalmology. This is the intro- 
duction of enzymatic zonulolysis by Bar- 
raquer.°* It was demonstrated by this 
author that a-chymotrypsin in proper con- 
centration, applied intraocularly for a 
specific period of time, would dissolve the 
zonule and not affect other intraocular 
structures. The result is a lens which 
luxates with extreme ease, facilitating in- 
tracapsular extraction. A procedure for use 
of a 1:5,000 solution of enzyme is given. 
Numerous reports have appeared confirm- 
ing this publication, and the technique 
promises to be a standard addition to surg- 
ical treatment of cataract. 


The Vitreous 


A publication related to the chemistry 
of the vitreous is that of Balazs on the 
physical chemistry of hyaluronic acid. 
This review deals with work published on 
hyaluronic acid with a protein content of 
up to 5%—a degree of purity which is 
still compatible with a relatively high de- 
gree of polymerization. These preparations 
fulfill the criterion that the hexosamine- 
hexuronic acid molar ratio is close to 1 
and that the nitrogen content is not much 
higher than would be expected from the 
hexosamine content. The author pointed 
out that the hyaluronic acid prepared from 
bovine vitreous is the lowest polymer of 
all of the preparations, and he gives an 
average molecular weight of less than 
1X 10° for it. Balazs describes the various 
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methods of preparing protein-free hyalu- 
ronic acid, including electrodeposition, hy- 
drolytic enzyme treatment, and the various 
attempts to remove the last traces of pro- 
tein by Celite treatment and use of protein 
precipitants. In hyaluronic acid preparations 
from sources other than bovine vitreous, 
there was little variation in molecular 
weight by the sedimentation and diffusion 
methods. Results ranged from 1.44 to 
2.0X10*. The greater variation in results 
obtained by light scattering may well be 
due to a difference in polydispersity of the 
molecule. 

In calculating molecular dimensions, 
much depends upon axial ratios assumed, 
and apparently there is considerable dif- 
ference in shape between the high and low 
molecular weight preparations when sub- 
jected to shearing stress in a viscosimeter. 
This explains greater variation in such 
figures. The length of the hyaluronic acid 
molecule from vitreous is 1,600 to 3,400 A. 
From light-scattering figures of 2,400 to 
6,400 A were obtained. 

A paper of Blumberg and Ogston 
dealt with the protein complex of hyaluronic 
acid from nonocular sources and how the 
“non-Newtonian viscosity” was affected. 
Hyaluronic acid from ox vitreous showed 
no non-Newtonian viscosity and could not 
be considered in this category. 


Several publications dealt with the effect 
on vitreous chemistry of various pathologi- 
cal situations. A report by Forsius *' con- 
cerned paper electrophoresis of the fluid 
part of the vitreous from 44 human eyes 
enucleated for a number of eye diseases, 
including traumatic uveitis, corneal ulcer, 
and absolute glaucoma. Electrophoresis was 
done on paper, and after staining with 
amino black 10B the densities were meas- 
ured photometrically and _planimetered. 
Figures are reported for a-1-, a-2-, B-, and 
y-globulins, and albumin. However, since 
many of the determinations were done on 
fluids containing blood and pus, their value 
in characterizing disease ev:tities is open 
to some question. 
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Cristiansson reported on changes in 
mucopolysaccharides during alloxan dia- 
betes in the rabbit.*? In animals that sur- 
vived the alloxan diabetes with the help 
of minimum insulin for more than several 
weeks, serum hexosamine was compared 
with that of a vitreous filtrate. A significant 
increase in protein-bound carbohydrate of 
blood, determined as glucosamine, appears 
two to four weeks after the onset of the 
disease and increases progressively with or 
without insulin treatment. At the same time 
there is significant increase in the glucosa- 
mine of the vitreous, and this can be dem- 
onstrated by comparison with one eye 
enucleated at zero time as a control. The 
increase is in the order of 30%, a change 
from 26 mg. per gram to 34 mg. per gram. 
There is a corresponding increase in the 
viscosity of the vitreous filtrate and a de- 
crease in its volume. Whether hydration 
changes play any role in the observed re- 
sults is not stated by the author. 

Changes in the hyaluronic acid of the 
vitreous under other endocrine situations 
was reported by Larsen.** Total hyaluronic 
acid was determined as total glucosamine, 
and an enucleated control eye taken before 
the beginning of the experiment was com- 
pared with the eye enucleated after treat- 
ment. Cortisone and thyroidectomy plus 
thyrotropin gave a significant increase of 
hyaluronic acid, Thyroidectomy alone gave 
a questionable increase. In none of these 
cases is a physiological mechanism adduced. 

iThe effect of iron compoun“ the rab- 
bit vitreous is reported b, | quire and 
McEwen. The effect of injected heme, 
globin, and two preparations of hemoglobin 
were investigated in the rabbit vitreous. The 
authors found liquefaction caused by hemo- 
globin itself and attributed this to metabolic 
conversion of the iron to a free ion. 


The Retina 


Of all the aspects of the chemistry of 
the composition of the retina, the one that 
has received the most attention by far is 
the chemistry of rhodopsin. The period of 
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this review saw a number of new and 
highly interesting publications on the sub- 
ject. Perhaps the greatest single concentra- 
tion of significant papers with chemical 
orientation was in the outstanding sym- 
posium of the New York Academy of 
Sciences on photoreception. One paper in 
this series, that of Crescitelli, reviewed the 
multiplicity of visual pigments that has 
been isolated from the various vertebrate 
species. With careful documentation, the 
author described how the series of retinene ; 
pigments found in the animal kingdom have 
absorption maxima which extend from 
478 mp in deep-sea fish to 524 mp in 
geckos. With only a single chromophore, 
the conclusion is inescapable that this spread 
of 46 mp must be attributed to the nature 
of the protein component of the visual 
pigment. 

Corroborative detail is added by the re- 
port of Muntz on the photosensitive pig- 
ments of deep-sea fishes.** Data on six 
different species of bathypelagic fish re- 
vealed absorption maxima of 477 maz, 
485 mp, 488 mp, and 490 mp. One species 
—Argyropelicus, the hatchet fish—was in- 
vestigated extensively, and bleaching spectra 
and oxime were recorded. The presumptive 
conclusion was reached that the rhodopsin 
was a compound of retinene., 


The report of Carlisle and Denton ™ 
concerned the change in retinal pigments 
in the fresh-water eel at the time of 
metamorphosis. A purple-colored retina 
becomes golden-colored in the adult. The 
chemical significance of this change is not 
reported. 

A fruitful series of publications from 
the Harvard Biological Laboratory was 
initiated by the study of Hubbard and 
St. George on the rhodopsin system of the 
squid.** The visual pigment of the squid 
is unique, because its photoproduct is not 
easily hydrolyzable and exists at ordinary 
temperatures in equilibrium with _ its 
rhodopsin. This photoproduct, which cor- 
responds to the substance called metarho- 
dopsin in vertebrate systems, has two 
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forms, one an acid form with absorption 
maximum very close to that of rhodopsin 
at 500 mu, and an alkaline form which is 
colorless and has an absorption maximum 
at 380 mp. Hence, when squid rhodopsin 
is acted on by a white light one cannot 
observe bleaching in acid solution, although 
in alkaline solution bleaching occurs. By 
bleaching squid rhodopsin with orange light 
in alkaline solution, a pure compound can 
be made which acts as an indicator and for 
which a titration curve can be plotted as 
well as a series of spectrograms at inter- 
mediate pH values. This series of spec- 
trograms has a single isosbestic point, 
indicating that only two substances truly 
exist. The authors found that after this 
type of irradiation there is no freeing of the 
aldehyde of retinene for combination with 
hydroxylamine nor is there freeing of 
sulfhydryl of protein to parachloromercuri- 
benzoate. Therefore, they conclude that the 
change in the squid from rhodopsin to 
metarhodopsin is confined to isomerization 
of the molecule from the 11-cis form to 
the all-trans form. They suggested that 
despite the change in geometric configura- 
tion of retinene, the squid opsin is able to 
accept the all-trans compound as easily as 
the 1l-cis compound. The vertebrate opsin 
cannot do this: hence, dissociation of the 
chromophore group occurs spontaneously. 
It was also concluded that irradiation with 
white light results in an equilibrium mix- 
ture of rhodopsin and metarhodopsin and 
that light can catalyze the reaction in either 
direction. This is an aspect of the photo- 
chemistry of visual pigments which had not 
been suspected heretofore. 

On the basis of this work, Hubbard and 
Kropf ® reviewed the action of light on 
cattle rhodopsin. They irradiated rhodopsin 
at —17 C with white light until no further 
change took place. This gave what was 
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formerly called metarhodopsin. The authors 
proved that this is an inhomogeneous mix- 
ture by bringing it to pH 13 in the dark. 
At this pH, rhodopsin and isorhodopsin 
(the 9-cis-compound) bleach slowly, and by 
decay curves they found that there was in 
addition a third less stable component. 
By irradiating at selective wavelengths of 
450, 500, and 550 mp they can favor the 
formation of this less stable substance. The 
substance, less stable at the higher tempera- 
ture, is said to be metarhodopsin. On the 
basis of this, the authors postulated an 
equilibrium between rhodopsin, lumi rho- 
dopsin, metarhodopsin, and isorhodopsin all 
under the influence of light. Above —15 C 
the metarhodopsin hydrolyzes to all-trans 
retinene and opsin. This type of system is 
shown in the diagram on the bottom of the 
page. 

The assumption is made that the actual 
process of photoactivation, which is the 
first step in vision, consists in the conver- 
sion of rhodopsin to lumi rhodopsin—sim- 
ply a conversion of the 11-cis configuration 
to the all-trans configuration—and that the 
subsequent dissociation is not directly light- 
dependent. 

These findings were reviewed by Kropf 
and Hubbard in the New York Academy of 
Sciences Symposium.” In this symposium, 
the authors discussed the theory that rho- 
dopsin is a Schiff base of the aldehyde 
retinene with a protein amino group. They 
mentioned that model compounds of this 
type have absorption maxima at 440 to 
450 mu, well below that observed for rho- 
dopsin. They suggested that interaction be- 
tween the conjugated bond system of the 
chromophore and other groups in the pro- 
tein of the opsin is required to achieve the 
whole wave-length shift. 

In another paper of the same symposium, 
Oster ™ discussed the same problem of the 
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discrepancy between the absorption maxi- 
mum of rhodopsin and that of model Schiff 
bases with retinene. Oster was unsatisfied 
with the explanation that this discrepancy 
can be explained by further conjugation 
between retinene and protein, for he said 
that spectral evidence for such resonant 
structures in the protein does not exist. He 
said that the absorption spectrum of rho- 
dopsin would be more compatible with the 
existence of a dimer of the C-20 chromo- 
phore, although no chemical evidence for 
this exists either. On the basis of his ex- 
perience with thiobenzophenone, he made 
the suggestion that one may indeed be deal- 
ing with a thio-vitamin A aldehyde which is 
stabilized by its binding to opsin. This 
would explain the color maximum shift, and 
conversion of this compound to the ordinary 
oxygen analog would explain the liberation 
of sulfhydryl groups with light. However, 
model compounds have not been able to be 
prepared as yet, because of the problems of 
their organic synthesis. 


In the same general area is the report of 


Adams et al.7? on a system for bleaching 
rhodopsin at low light fluxes in the presence 
of hydroxylamine. Under these conditions 
successive absorption spectra at various 
times of bleaching show a single isosbestic 


point and no shift of the absorption 
maxima. The authors attributed the shift 
in Wald’s early data to reisomerization of 
all-trans retinene to 1l-cis and 9-cis by a 
second quantum of light (above 69). They 
postulated that excess hydroxylamine in the 
surrounding medium is able to combine with 
the all-trans compound as it leaves the 
protein and that the oxime so formed will 
not be isomerized by more light. 

An approach to this same problem of the 
photolysis of rhodopsin from a different 
direction was described by Wulff and co- 
workers.”*> A digitonin extract of cattle 
rod outer segments was irradiated by a 
brilliant flash from a set of four discharge 
tubes placed around the rhodopsin cell and 
delivering a total energy of 64 joules with 
a half-time of 2usec. The time course of 
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change of absorption spectrum at each of 
a series of wave-lengths was followed by 
means of a separate monochromator photo- 
cell system. Analysis of the results indicates 
three rates of change of density all with dif- 
ferent slopes, and the authors suggested 
that four separate processes are at work, 
possibly representing transformation of 
four isomers of retinene, such as published 
by Hubbard and Kropf. Confirmation of 
this thesis must await further experimenta- 
tion, possibly with partial photolysis prod- 
ucts of rhodopsin. 

A careful investigation of human rho- 
dopsin and its properties was reported by 
Wald and Brown, who used human eyes 
from the Boston Eye Bank as a source of 
material."* The preparation was the stand- 
ard one of separating rod outer segments 
by differential centrifugation in sucrose, 
hardening in alum, lyophylization, extrac- 
tion with petroleum ether, and then solu- 
bilization in 2% digitonin solution in 
phosphate buffer at pH 6.5. This prepara- 
tion showed a maximum absorption peak at 
493 mp, which the authors considered very 
short for a vertebrate photopigment. There 
was a minimum at 390 mp, a fB-band at 
350 mp, and a tall y or opsin band. at 
278 mp. Bleaching in orange nonisomeriz- 
ing light replaced the a- and B-bands by 
the absorption characteristic of all-trans 
retinene with its maximum at 380 my. 
Homogeneity was indicated by a_ single 
isosbestic point in the family of absorption 
curves after successive periods of bleaching 
up to 35 minutes. The rate corresponded 
to first-order kinetics. When human opsin 
is prepared and allowed to incubate with 
neoretinene 6 (11-cis) from other sources 
in the dark, rhodopsin indistinguishable 
from the extracted material, and with a 
maximum absorption at 493 mp, can be 
prepared. Therefore the authors concluded 
that the position of the peak is a property 
of the opsin. The kinetics of regeneration 
follow a second-order reaction with a rate 
constant, k=0.0084 L. per micromole per 
minute. This is understandably very slow 
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in comparison to the rate in situ. In order 
to try to account for the human psycho- 
physical brightness spectrum with its maxi- 
mum sensitivity at 500 mp, the authors 
measured the absorption maximum of rod 
outer segments suspended in 40% sucrose 
to minimize refractive index disparities. 
They found this preparation to have a 
maximum absorption of 500 mp with a 
narrower a-band. This absorption curve, 
the scotopic sensitivity curves from five 
different sources corrected for the absorp- 
tion of the ocular media, as well as direct 
measurement of extrafoveal scotopic sensi- 
tivity of an aphakic patient all agree 
precisely. 

A similar but smaller shift in absorption 
maximum toward the long wave-length end 
was described by Sidman,”* who worked 
on frog rods in serum albumin suspension 
and compared results with those obtained 
on the rhodopsin extracted from the rods 
by digitonin. 

A paper by Krinsky deals with the 
lipoprotein nature of rhodopsin. The 
author identified rhodopsin as an insoluble 
tissue lipoprotein which can be solubilized 
by digitonin. The product is a rhodopsin- 
digitonin micelle consisting of rhodopsin 
and 180 to 200 digitonin molecules. With 
use of rhodopsin or opsin extracted from 
isolated rod outer limbs and dialyzing the 
extract, Krinsky finds that two-thirds of 
the phospholipids (which are lecithin, 
cephalin, and phosphatidyl serine) are 
bound tightly in the digitonin micelle. Up 
to two-thirds of the phospholipids can be 
removed by direct extraction of lyophilized 
outer limbs with petroleum ether or acetone 
or ethyl ether at —10 C, If the technique 
of shaking with ether and freezing at 
—70 C is used, half of the phospholipids 
are extractable. If one then bleaches the 
rhodopsin, more phospholipid is extractable 
than from the control kept in the dark. 
This conceivably is connected with other 
changes wrought by light on the protein, 
such as the appearance of SH groups. The 
greatest removal of phospholipid is achieved 
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by treating a sucrose suspension of rod 
outer segments with phospholipase-C from 
Clostridium perfringens. There is a rapid 
decrease in lipid-soluble phosphorus and a 
simultaneous increase in turbidity due to 
free diglyceride. With use of this tech- 
nique, Krinsky estimates a ratio of lipid- 
soluble phosphorus to rhodopsin of 20, and 
on this basis he calculates that there are 
14,000 gm. of phospholipid per mole of 
rhodopsin and 18,000 gm. of protein (using 
16% nitrogen as the basis for the calcula- 
tion). Then the molecular weight of rho- 
dopsin equals 32,000, which is lower than 
the determination of Hubbard. Phospho- 
lipase-treated rod outer segments were still 
able to regenerate rhodopsin to the extent 
of 85% to 90% after bleaching. It is 
difficult to say what part the phospholipid 
plays in the rod physiology. It was sug- 
gested by the author that the Schiff’s base 
with retinene may be with an amino group 
of the phospholipid. 

Two papers dealt with the biochemistry 
of nutritional night blindness. One by 
Chatzinoff and co-workers describes the 
injection of vitamin A into newborn rats on 
an A-deficient diet.77 When rats were given 
all-trans vitamin A, 8 units per day were 
the minimum requirement to prevent gen- 
eralized systemic symptoms; even here 
there was some fragmentation of the rod 
outer segments. When rats were given as 
little as 2 units per day of the 11-cis isomer, 
they showed diarrhea and weight loss over 
the period of the experiment, but the retinas 
were always entirely normal. Since there 
were only two to three animals in the 
experimental group, this work bears re- 
peating, but, assuming its ultimate validity, 
it connotes some interesting properties of 
the 11-cis isomer, and it particularly sug- 
gests that this isomer is utilized by the 
eye directly. 

In a communication by Dowling and 
Wald,”® the authors came to a conclusion 
diametrically opposed to that of Chatzinoff. 
This work involved keeping young rats on 
a vitamin-A-deficient diet but not before 
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the 22nd to 24th day. It was observed that 
during the first three weeks of this regime 
only the liver store of vitamin A decreased. 
After this time the blood level of vitamin A 
began to fall, and at four and one-half 
weeks rhodopsin in the retina decreased; 
only at the fifth to sixth week did the 
animal stop gaining weight and the log 
threshold to the electroretinogram begin to 
rise. For two weeks thereafter the opsin 
level remained normal, but by the beginning 
of the seventh week opsin began to decline 
and classical symptoms of vitamin A 
deficiency appeared. No animal survived the 
end of the eighth week of the experiment. 
When a severely deficient animal was given 
a large dose of all-trans vitamin A, the 
electroretinogram threshold immediately be- 
gan to fall and reached a normal level in 
64 hours. The results on one animal which 
received the 1l-cis isomer showed a lag 
in recovery in comparison to the all-trans 
animal, although the threshold reached at 
62 hours were identical. On the basis of 


these two animals, the authors suggested 


that the 1l-cis isomer must be converted 
to all-trans vitamin A in the body before 
being able to be utilized by the eye and 
reconverted to the compound. 
Neither the number of animals used nor the 
conditions of the experiment make the situa- 
tion exactly comparable between the two 
papers quoted. However, because of the 
considerable theoretical importance of the 
findings, it might be well worth while to 
perform a conclusive experiment with larger 
numbers of animals and resolve this point. 

This section could not be considered com- 
plete without reference to the superb and 
esthetically satisfying report of Rushton on 
the kinetics of cone pigments.” By a 
method similar to that previously published 
and one which must be read in detail to be 
properly appreciated, Rushton made meas- 
urements in the living human eye—both 
protanopic and normal—of the change in 
absorption of the visual pigment of the 
fovea on bleaching and on regeneration. He 
presents firm evidence on purely physical 
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grounds that the protanope possesses only 
one foveal cone pigment and that the nor- 
mal person possesses two. This series of 
papers must be considered required reading 
for anyone interested in the field of visual 
pigments. 

Of the papers on metabolism of the 
retina, one related also to pigment chemis- 
try, is a report by Krinsky on the enzymatic 
esterification of vitamin A.% This work 
described how active esterification of 
vitamin A may be carried on by lypophilized 
retina, by the pigment epithelium, by rod 
outer segments, and by the choroid. Control 
experiments with rat kidney, liver, and 
small intestine gave no esterification. When 
the retina is bleached, 60% of the vitamin A 
present is found esterified, Most of this 
vitamin A is either in the 11l-cis form or 
the all-trans form. The author suggested 
that this finding of esterification may indi- 
cate the system which isolates the vitamin A 
metabolism of the eye from that of the 
rest of the body. 

A histochemical study by Nilausen *! de- 
scribed the location of alkaline phosphatase 
in the retina of human fetuses of 200 to 
600 gm. weight. Freshly fixed tissue was 
treated by the method of Pearse (1953), 
and it was found that the entire vascularized 
area of the retina is phosphatase-positive, 
with the surrounding avascular zone phos- 
phatase-negative. The enzyme is located 
only in the nerve-fiber layer, which is where 
the vessels are at this age. Phosphatase 
activity was associated with cell formation 
at the periphery of advancing vessels, with 
the endothelium of peripheral capillaries, 
and with individual cells scattered between 
the vessels. 


De Bernardis reported on phosphorylated 
compounds of the retina separated by 
chromatography on paper.’? He did a rather 
extensive chemical separation before the 
chromatography, but there was difficulty in 
identifying any of the spots on the 
chromatogram with known compounds chro- 
matographed in parallel. 
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Two papers by Graymore **** dealt with 
different aspects of retinal metabolism. In 
the first, Graymore discussed the sharp in- 
crease in anerobic glycolysis of the retina 
which can be demonstrated in the rat during 
the 10th to 13th day of life. Since this 
coincides with the opening of the eyes, it 
is tempting to consider the event as coin- 
cident with maturation of the receptor cells. 
However, if the animals are kept in the 
dark or if the opening of the eyes is un- 
usually late, the change occurs nevertheless. 
Graymore’s second paper is an investigation 
of Ashton’s suggestion that anoxic swelling 
might be the basis for vascular obliteration 
in retrolental fibroplasia. Isolated rat retina 
was incubated with metabolic inhibitors— 
iodoacetic acid and sodium fluoride. With 
each inhibitor the retina was found to in- 
crease in weight by 50%. 

In a more narrowly defined area, 
Kinoshita and Masurat investigated the 
mechanism for formaldehyde oxidation in 
the retina.** These authors were looking for 
a glutathione-dependent formaldehyde-me- 


tabolizing enzyme in the retina similar to 
that found by Strittmatter and Ball (1955) 
for liver. They made a beef retina extract 
by homogenizing, centrifuging, and pre- 
cipitating the supernatant with 70% am- 


monium sulfate. This precipitate was 
redissolved to form the cell-free extract. 
Rabbit and human retinas were simply 
homogenized in phosphate buffer and 
dialyzed. The determination was done by 
measuring the amount of reduction of DPN 
in a system containing DPN, enzyme, and 
GSH. Without substrate there was little 
reduction. Acetaldehyde goes faster than 
formaldehyde without glutathione, but glu- 
tathione doubles the rate of formaldehyde 
oxidation in comparison to acetaldehyde. 
Using lactic dehydrogenase to reduce 
pyruvate and to reoxidize the DPN, a 
significant amount of formate could be 
made and measured. There was nearly 
a 1:1 ratio of formaldehyde used to formate 
produced. When glutathione is destroyed 
by a specific lytic enzyme, no oxidation 
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took place. The optimal amount of gluta- 
thione was only O.5yg. per milliliter of 
extract, which suggested that glutathione is 
catalytic in this process. In the human 
retina oxidation occurred only after a lag 
period. The pH optimum for cattle ex- 
tracts is high—in the neighborhood of pH 8. 
The authors suggested that acidosis may 
swing the activity away from optimum and 
let formaldehyde accumulate in the course 
of methanol poisoning. An additional fac- 
tor may be the lag demonstrated for human 
retina and not for animal retina. This, too, 
might allow formaldehyde accumulation in 
methanol poisoning and account for the 
difference between primate and nonprimate 
poisoning. 

Two papers which appeared simultane- 
ously described the identification of a 
pathological entity whose true chemical na- 
ture had escaped detection until now.587 
In eye tissues which have undergone long- 
time degeneration, particularly in the case 
of retinal detachments, pathologists had 
noted birefringent crystals which had been 
named “protein crystals.” The simultaneous 
publications of Cogan and co-workers and 
of Zimmerman and Johnson identified these 
crystals as primarily calcium oxalate with 
admixture of calcium phosphate. A series 
of independent spot tests made the identifi- 
cation beyond question, and x-ray powder 
analysis in the case of the Cogan report 
provided final confirmation. 

One additional item on the pathology of 
the retina worth mentioning is the report 
of Sorsby and Nakajima on the effect of 
various metabolic inhibitors in causing 
retinal degeneration.8® A_ series of 14 
known inhibitors of metabolism were given 
in just sublethal dose, but only in the case 
of a combination of sodium fluoride and 
sodium cyanide were the authors able to 
obtain any histological evidence of retinal 
degeneration. This indicates that the retino- 
toxic agents which have been found in 
quantity during recent years must have 
either a more specific or a more potent 
effect than simple inhibition of energy-pro- 
ducing mechanisms in the tissue. 
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Tears 


In a third report on the electrophoresis 
of tears, McEwen, Kimura, and Feeney * 
described the components of normal tear 
secretion as (a) lysozyme, (b) three distinct 
nonalbumin components, and (c) at least 
two albumin components, one designated 
tear albumin and one which corresponds to 
serum albumin. Component b/// and pos- 
sibly Component b// are mucoprotein, but 
Component b/ has not been more positively 
identified. All three b components are re- 
sistant to trypsin, to hyaluronidase, and to 
chitinase. Component b/ is absent or very 
low in tears caused by irritating agents or 
by emotion. The implication of these 
findings for functioning of the lacrimal 
gland was discussed by the authors. 

A paper by Erickson, Hatten, and Berg ® 
described a technique for electrophoresis 
of tears similar to that already published 
by McEwen and Kimura (1955). In ad- 
dition, there are published four sets of 
results, each from a single person with an 
eye complaint. The implication is that the 
specific tear patterns are characteristic of 
the eye disease. Such conclusions must be 
based on a much more extensive series. 

A report by Rexed ® described the pH of 
tears stimulated by filter-paper irritation 
and collected at the opening of the lacrimal 
duct in a capillary made of Corning 0.015 
glass. The capillary was then used as a 
glass electrode in a standard manner. In 
100 subjects the range of pH was found to 
be 7.1 to 7.99. The distribution was given 
as 7.49+0.02, with a standard deviation 
of 0.16. This figure is useful, of course, 
for our knowledge of the physiology of 
the lacrimal gland. Because of the paucity 
of tears under normal situations, we still 
have no adequate way of knowing what the 
ordinary environment of the corneal epi- 
thelium may be. 


Department of Ophthalmology, University Hos- 
pitals (6). 
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Correspondence 


RADIOACTIVE ISOTOPES 


To the Editor:—My attention has been directed to an article by Dr. J. W. 
Bettman, in A. M. A. ArcHives oF OPHTHALMOLOGY (59:821 [June] 1958), 
entitled Radioactive Isotopes. 

I quote from page 825 paragraph 15: “The therapy of intraocular tumors, 
usually retinoblastomas, by suturing radioisotopes to the sclera,?®*1*4 is not 
new. ... They depend upon f-emissions for their therapeutic effect, the a-emissions 
not penetrating the eye and the y-emissions being very weak.” The three references 
given here include one to an article by Dr. Arthur Joyce and myself entitled 
Treatment of Intraocular Tumors with Radon. 

This statement concerning radon seeds which we use is not correct. 

The radon seeds are prepared by the Commonwealth X-ray and Radium 
Laboratory and have wall thicknesses of gold equivalent to platinum filtration 
of either 0.3 or 0.5 mm. 

No a-rays are emitted, the B-ray contributions through the above filtrations 
are approximately 10% and 0.5%, respectively, and the rest of the radiation is 
y-radiation. Naturally there is soft secondary irradiation from the surface of the 
seeds due to absorption of the radiations by the wall filter material. The therapeutic 
effects obtained from our seed implants are essentially due to the y-radiation. 

Because of the minute size of the 0.3 Pt. equivalent wall gold seeds (total 
length, 2-3 mm.), the low strength at which they may be used (0.2 mc. and up- 
wards), and the overall small diameter (0.78 mm.), we have preferred these 
sources for our work with intraocular tumors. We have been able to suture these 
seeds with great accuracy on any required part of the scleral surface. Suturing is 
facilitated by a small groove pressed into the body of the seed at the time of 
preparation. 

In using 0.3 Pt. equivalent radon seeds we accept the small proportion of B- 
radiation, knowing from our experience that such is not harmful if the seeds used 
are weak. 

Dr. Bettman further states on page 822 paragraph 2, “Gamma emissions are 
the equivalent of x-rays. . . . Because these emissions penetrate through the entire 
head they are of little use in ophthalmology.” 

It may be said that the y-radiations “penetrate the entire head,” but this state- 
ment is somewhat misleading. With the small quantities of radon used the fall-off 
of radiation intensity from the sources is so great that the radiation would produce 
no possible therapeutic or biological effect at distances of more than a centimeter or 
so. The dose received by tissues like the lens and conjunctiva, which may be within 
a range of a few millimeters of seeds sutured to the sclera, is of concern to us 
and is calculated. 

However, we have overcome excess dosage effects on the conjunctiva by the 
use of plastic conformers fixed over the seeds. The conjunctiva is sutured over 
these conformers so that its distance from the sources is increased and so that the 
dose received by it is reduced. The danger to the lens is minimized by the arrange- 
ment of the seeds according to Paterson and Parker rules and by the lowest reason- 
able dose prescription, so that the smallest dose possible is received by the lens. 
These complications are only likely to arise when the tumors are very far forward 
near the ciliary body. 

Radon seeds as used in Australia are made of gold capillary tubing. A long 
length of capillary is evacuated of air and is filled with purified radon gas. The 
capillary is cut into short pieces of predetermined length so that each segment or 
“seed” contains a required amount of radon. The gold tubing is cut with blunt 
forceps which seal the capillary cavity. Two pure gold surfaces brought together 
under pressure will fuse by a process of welding even in the cold, and so a hermetic 
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seal is obtained. The forceps have a micrometer screw device which allows the 
seeds to be cut with accuracy to lengths varying by 0.1 mm. Seeds of content 0.5 
to 1.0 me are usually individually accurate to within +5%. Weaker seeds of short 
lengths—2 to 3 mm. as used in our ophthalmological work—may vary slightly more 
than this figure, but the Commonwealth X-ray and Radium Laboratory, which 
prepares the seeds, guarantees that the total content of the batch used is accurate 
to within +2%. 

We feel it necessary to correct the statement in Dr. Bettman’s article as quoted 
above and to point out that treatment with radon seeds in Australia is essentially 
y-tay therapy, which, contrary to his assertion, has an essential but restricted 
field of usefulness in ophthalmological practice. 

R. Kaye Scott, M.D. 
260 William St. 
Melbourne C. 1, Australia 


To the Editor:—Thank you for forwarding the comments of Dr. R. Kaye 
Scott. All of his statements are quite correct. 


One of the apparent disagreements arose from a misunderstanding of what 
my article referred to. I quote from it: “[y-Emissions] are of little use in 
ophthalmology. If an isotope emitting y-radiation is given intravenously and a 
Geiger-Miiller tube is held over the eye, the radioactivity from the entire head 
‘drowns out’ the radioactivity from the eye itself.” This refers to the use of these 
isotopes in detecting tumors in the eye (as diagrammed in the original article) 
or in the detection of blood volume changes (as in the other diagrams). In either 
of these situations y-emissions from the entire head do give rise to so much 
radioactivity that it is difficult or impossible to detect any changes in radioactivity 
originating from the eye itself. Thus they do “drown them out.” The use of 
isotopes as a substitute for x-ray therapy, such as the cobalt bomb, was not con- 
sidered within the scope of the article. The only other situation in which y-emis- 
sions are useful in ophthalmology is in the therapy of certain tumors, such as 
retinoblastomas. In my opinion this is rarely indicated, as explained below. There- 
fore, “[y-emissions] are of little use in ophthalmology.” 

The other statement of Dr. Scott corrects an error in my article which was 
meant to be “Regardless of the isotope used, the only effective emanation is the 
gamma, since the alpha and beta emissions are filtered out by the % mm. thick 
platinum casing. . . . However, if an undiscovered small island of retinoblastoma 
is present on the opposite side of the eye or a few seedlings are floating in the 
vitreous, an effective dose of radiation may not be delivered.” This quotation is 
as I stated it in the Transactions of the Pacific Coast Oto-Ophthalmological 
Society (39:261, 1958) and as it should have also been stated in the ARCHIVEs. 
It explains why I believe that radon seeds and related types of therapy for retino- 
blastomas are inferior to x-ray. 

I apologize to Dr. Scott for the error and thank him for clarifying it. 

Jerome W. Betrman, M.D. 
2400 Clay St. 
San Francisco 15, Calif. 
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Society Transactions 


COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 


Harold G. Scheie, M.D., Chairman 
William E. Krewson III, M.D., Clerk 


Jan. 15, 1959 


A Case of ‘Total’ Choroidal Detachment 
Following Cataract Surgery. Dr. H. 
WALTER FORSTER JR. 

A 79-year-old male diabetic had an un- 
complicated intracapsular cataract extrac- 
tion. The chamber was reformed with air 
at the end of the operation and was never 
shallow or flat. Choroidal detachment did 
not develop until after discharge from the 
hospital and was first discovered on the 
15th postoperative day. The anterior 
chamber was always deep. The choroidal 
detachment, however, progressed until the 
20th postoperative day, at which time the 
nasal and temporal segments of the detach- 
ment came in contact with each other and 
all light perception was lost. At this point 
a scleral trephination in both lower quad- 
rants was done, releasing large quantities 
of subscleral fluid, and air was injected into 
the anterior chamber forcing the vitreous 
back. Light perception returned on the fol- 
lowing day. The end-result was recovery 
of vision to 6/12 with aphakic correction. 
It would have been better except for diabetic 
retinopathy. 

The discussion following the case pre- 
sentation concerned the mechanism of 
choroidal detachment. There was no una- 
nimity of opinion regarding the necessity 
for the presence of a wound leak. The case, 
in which the detachment occurred late, did 
not have one. There are a number of un- 
answered questions regarding the fate of 
the vitreous in an eye with extensive 
choroidal detachment. No one else present 
reported having seen a choroidal detach- 
ment in which light perception was lost. 


Repair of Orbital Deformity with Plastic 
Sponge Implant. Dr. Roperr D. Mut- 
BERGER (by invitation) and Dr. G. M. 
SHANNON (by invitation). 

The authors briefly reviewed the litera- 
ture on the use of polyvinyl plastic sponge 
material for tissue implantation. 


A movie and description of the operative 
technique employed was presented. The 
authors believe that this is the first report of 
the material being employed to build up the 
orbital floor, although they realize that it has 
been used before by several others for this 
same purpose. 

The authors conclude that their experi- 
ence with polyvinyl plastic sponge to raise 
the orbital floor in orbital deformity has 
been satisfactory. 


Feb. 19, 1959 
Surgical Treatment of Blepharoptosis. 
Dr. Raynoip N. Berke (by invitation). 


The final result of ptosis surgery depends 
on three factors: the skill of the surgeon, 
the nature of the ptosis, and the type of 
operation done. 

However skilled the surgeon may be, it 
is still impossible to achieve a perfect cos- 
metic and functional result in all types of 
ptosis by any procedure available to us 
today. This is so for two reasons. First 
and most important is the complex nature 
of some types of ptosis, such as ptosis com- 
plicated by severe blepharophimosis, ptosis 
associated with the jaw-winking phenom- 
enon of Marcus-Gunn, and ptosis due to 
complete third nerve paralysis. Second is 
the observation that all ptosis operations 
carry some inherent disadvantages which 
of themselves prevent a perfect result. 

Frontalis Ptosis Operation: If one is 
successful in fully correcting the ptosis in 
the primary position by suspending the lid 
from the brow, then after operation there 
is always lagophthalmos in looking down 
and ptosis in looking up unless the brow 
is elevated to raise the lid. For these reasons 
the frontalis type of operation is not the 
procedure of choice for all patients with 
ptosis, especially when the ptosis is mon- 
ocular. 

However, when the ptosis is binocular 
and fully corrected in the primary position 
these objections are much less serious be- 
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cause the ptosis in upward gaze and the 
lagophthalmos in looking down is equal on 
the two sides. 

Therefore, it would seem that the fron- 
talis operation is the operation of choice 
for binocular ptosis when resection of the 
levator is contraindicated and for mon- 
ocular ptosis only when the levator and the 
superior rectus muscles are too weak to 
support the lid. 

Superior Rectus Ptosis Operation: The 
main advantages of suspending the lid from 
the superior rectus muscle are that the lid 
moves synchronously with the globe in up- 
ward and downward gaze, a good upper lid 
fold is produced, and a natural curve of the 
upper lid margin results when wide adhe- 
sions are produced between the tarsus and 
the superior rectus muscle. 

The disadvantages are that some hypo- 
tropia is usually present in upward gaze 
after operation, even though the superior 
rectus is shortened at the time of operation ; 
normal winking is destroyed, and there is 
lagophthalmos in sleep with a tendency for 
exposure keratitis to develop. 


For these reasons this type of operation 
should not be used for all types of ptosis. 
Despite these objections, however, it is the 
operation of choice for jaw-winking ptosis 
when the superior rectus muscle is normal 
or near normal, provided the superior 
rectus is shortened to enhance its lifting 
power and a large part of the levator is 
excised to eliminate the jaw-winking phe- 
nomenon. 


Resection of the Levator Muscle: Be- 
cause resection of the levator is the only 
operation which can give a perfect result, 
most seasoned ophthalmologists believe that 
it is the operation of choice for all types 
of ptosis (except jaw-winking ptosis) when 
the levator action is adequate. However, 
there is an honest difference of opinion as 
to which operation—the internal or the ex- 
ternal approach+~-gives the best results. 

In order to resolve this question, I have 
analyzed the results of 186 operations done 
for congenital ptosis—78 of which were 
done through the conjunctival approach and 
108 through the skin route. Because the 
cases were all congenital and not selected 
in each group, because the operations were 
all done at the same institution by es- 
sentially the same resident and attending 
surgeons, and because all the preoperative 
and postoperative examinations as well as 
the details of the operation were all col- 
lected and analyzed by the same person, this 
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appraisal of the relative merits of the two 
procedures should be a fair and valid one. 

This survey showed that the external 
approach produced 1 mm. more correction 
and about 20% fewer undercorrections than 
did the internal route. 

When overcorrection followed the skin 
approach it was usually associated with good 
levator action (8 mm. or more) and a post- 
operative “lift” of the operated lid with 
respect to the cornea—that is to say, the lid 
assumed a higher position on the cornea 
when healing was complete than at the end 
of the operation. 

Undercorrection usually occurred when 
the levator action was poor (5 mm. or less) 
and was associated with a postoperative 
“fall” of the lid, i. e., the lid covered the 
cornea more when healing was complete 
than at the end of operation. When the 
levator action measured 6-8 mm. in amount 
before operation the operated-on lid usually 
assumed the same position on the cornea 
as at the end of operation. 

From this survey it would seem that (1) 
the frontalis type of ptosis operation is the 
procedure of choice for complete bilateral 
ptosis with little or no levator action and 
for those cases of monocular ptosis where 
the levator and the superior rectus muscles 
are too weak to support the lid; (2) the 
superior rectus muscle should be utilized 
to correct the ptosis when associated with 
the jaw-winking phenomenon, provided the 
superior rectus is shortened to enhance its 
lifting power and a large part of the levator 
is excised to cure the jaw-winking; (3) re- 
section of the levator through the skin route 
is the operation of choice for congenital 
ptosis when some levator action is present, 
taking care to overcorrect the ptosis on the 
operating table when the levator action is 
poor and to undercorrect it when the levator 
action is good. 


March 19, 1959 
Angiomatosis Retinae: A Report of Two 

Cases Operated On. Dr. Davin SEAMAN 

(by invitation). 

Angiomatosis retinae is characterized by 
a pair of grossly enlarged blood vessels 
which course from the disc to the retinal 
periphery and terminate in an elevated cir- 
cumscribed tumor. Throughout the retina 
are scattered collections of lipoidal vascular 
exudates. 

One hundred seventy-five cases have 
been reported in the literature. 

Two patients, aged 4 and 20 years, re- 
cently operated on at Temple University 
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Medical Center were reported. In both cases 
the angiomata were uniocular. In neither 
case was there any evidence of central nerv- 
ous system or general systemic involve- 
ment. 

In each case the sclera was exposed over 
the tumor site and penetrating micropins 
were placed into the tumor. Several applica- 
tions of diathermy coagulation were em- 
ployed with use of a current of 40 ma for 
eight seconds per application over the tumor 
area. No intraocular hemorrhage occurred. 

The appearance of the tumor did not 
change immediately after diathermy, but 
subsequently the angiomata became much 
smaller in circumference and showed a 50% 
decrease in elevation. A follow-up study is 
planned to determine the necessity of fur- 
ther therapy and to watch for development 
of additional angiomata. 


Management of the Patient with Sub- 
Normal Vision. Dr. Bernard C. Get- 
TES. 

In December, 1955, a Low Vision Clinic 
was established at the Wills Hospital. Ap- 
proximately 300 (285) patients have been 
seen in consultation since that time. The 
following data is submitted on the basis of 
these examinations. 

1. One can prognosticate which patients 
are suitable candidates for a visual aid. This 
is based on the following: 

(a) Proper motivation 

(b) Visual acuity of at least 20/500 

(c) An adequate peripheral field 

2. Selection of the applicant is based on 
the patient’s visual acuity which was tested 
in many ways, as follows: 

(a) Stimson Target Test Charts 

(b) Keeler Near Charts 

(c) Sloane Near Charts 

(d) Lebensohn Test Charts 


(These charts were evaluated and found to 
be comparable in their purpose. ) 

The method of testing is not difficult, The 
Stimson Charts appear to be the easiest to 
utilize from the standpoint of the patient 
and the examiner. 

3. Testing and examination of the pa- 
tients does not require a special clinic, nor 
does it necessitate expensive equipment. 

4. Statistical data is submitted to show 
how many patients have been benefited. 


Corticotropin and Corticosteroids in the 
Treatment of Herpes Zoster Ophthal- 
micus. Dr. Harotp G. Scnete and Dr. 
Tuomas G. McLetitan Jr. (by invita- 
tion). 

The report summarizes results of treat- 
ment of 25 cases of herpes zoster ophthal- 
micus, all with intraocular involvement. The 
usual initial dose of corticotropin was 40 
units intravenously in an eight-hour infu- 
sion. When progressive improvement had 
occurred, intramuscular therapy was substi- 
tuted; a few days before parenteral therapy 
was stopped, oral corticosteroids were 
started in standard doses. Pain was usually 
relieved within 48 hours of starting therapy. 
Ciliary flush decreased after the first day 
of therapy. Clearing of the aqueous was 
noted. Clearing of the aqueous began in 48 
to 96 hours. Six patients had recurrent 
iridocyclitis after the initial attack had sub- 
sided and all medications had been stopped. 
Recurrences were readily controlled by re- 
suming oral corticosteroid therapy. 

In a total series of 36 patients so treated 
2 have shown significant visual loss. ae 

The 


four have retained normal vision. 


authors believe that at present systemic 
corticotropin and corticosteroids are the 


treatment of choice for herpes 
ophthalmicus. 


zoster 
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News and Comment 


ANNOUNCEMENTS 


Meetings of Association for Research in Ophthalmology, Inc.—The fol- 
lowing dates for regional and national meetings of the Association for Research 
in Ophthalmology, Inc., have been announced. The bylaws of the Association 
require that all papers presented at the national meetings be published in the 
supplements. Publication of papers from section meetings is optional. 


Midsouthern Section Nov. 13 and 14, 1959 
Jesse Jones i uD. Building, Texas Medical Center, Houston, Texas 
Louis Girard, M Chairman, Hermann Professional Building, Houston, 
Texas 


Southeastern Section Dec. 3, 4, and 5, 1959 
Medical College of Georgia, Augusta, Ga. 
John R. Fair, M.D., Chairman, Medical College of Georgia, Augusta, Ga. 


Midwinter National Meeting Dec. 3, 4, and 5, 1959 
Medical College of Georgia, Augusta, Ga. 
Lorand V. Johnson, M.D., Chairman, 10515 Carnegie Ave., Cleveland 6 


East Central Section Jan. 4, 1960 
University of Michigan, Ann Arbor, Mich. 
Harold Falls, M.D., Chairman, University Hospital, Ann Arbor, Mich. 


Eastern Section Feb. 18, 1960 
Wills Eye Hospital, Philadelphia 
Thomas R. Hedges Jr., M.D., Chairman, 1711 Rittenhouse Sq., Philadelphia 3 


Midwestern Section April 23 and 24, 1960 
Indiana University Medical Center, Indianapolis 
Fred M. Wilson, M.D., Chairman, Indiana University Medical Center, Indi- 
anapolis 


National Meeting une 12-17, 1960 
Miami, Fla., Lorand V. Johnson, M.D., Chairman, 10515 Carnegie Ave., 
Cleveland 6 ( Abstract deadline—Dec, 15, 1959) 


Refresher Course in Eye Surgery at the University of Toronto.—The 
Department of Ophthalmology, in collaboration with the Division of Postgraduate 
Medical Education of the Faculty of Medicine, University of Toronto, offers a 
refresher course in Eye Surgery, April 4-5, 1960. 

In addition to the staff of the department, three guest surgeons will take part 
in the teaching: Dr. Graham Clark, New York; Dr. Robert J. Brockhurst, Boston, 
and Dr. Saul Sugar, Detroit. Operative clinics will be given in the Univ ersity 
Teaching Hospitals each morning; formal clinics, lectures, and case presentations 
will be given in the afternoons. There will be symposia on glaucoma and retinal 
detachments. 

The course will be given to a minimum of 10 and a maximum of 35. 


The fee for the course will be $40, payable to the Chief Accountant of the 
University of Toronto at the time of application, which should not be later than 
Feb. 15, 1960. Further information and application forms may be obtained from 
the Division of Postgraduate Medical Education, Faculty of Medicine, University 
of Toronto. 


Future Meetings of the Association for Research in Ophthalmology, Inc.— 
Letters of intention to present papers may be immediately sent to the chairman of 
each meeting. 
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Midsouthern Section: Nov. 13, 14, 1959; Jesse Jones Library Building, Texas 
Medical Center, Houston, Texas; Louis Girard, M.D., Chairman, Hermann Pro- 
fessional Building, Houston, Texas. 

Southeastern Section: Dec. 3-5, 1959; Medical College of Georgia, Augusta, 
Ga.; John R. Fair, M.D., Chairman, Medical College of Georgia, Augusta, Ga. 

Midwinter National Meeting: Dec. 3-5, 1959; Medical College of Georgia, 
ie ¥ Ga.; Lorand V, Johnson, M.D., Chairman, 10515 Carnegie Ave. Cleve- 
and 6. 

East Central Section: Jan. 4, 1960; University of Michigan, Ann Arbor, 
Mich.; Harold Falls, M.D., Chairman, University Hospital, Ann Arbor, Mich. 

Eastern Section: Feb. 18, 1960; Wills Eye Hospital, Philadelphia; Thomas R. 
Hedges Jr., M.D., Chairman, 1711 Rittenhouse Sq., Philadelphia 3. 

Midwestern Section: April 23, 24, 1960; Indiana University Medical Center, 
Indianapolis; Fred M. Wilson, M.D., Chairman, Indiana University Medical 
Center, Indianapolis. 

National Meeting: June 12-17, 1960; Miami, Fla.; Lorand V. Johnson, M.D., 
Chairman, 10515 Carnegie Ave., Cleveland 6; Abstract Deadline—Dec. 15, 1959. 


SOCIETY NEWS 


Officers Elected.—At its recent meeting, the American Ophthalmological 
Society elected the following officers: 
President: Dr. Algernon B. Reese, New York 
Vice-president: Dr. Edwin B. Dunphy, Boston 
Secretary-Treasurer: Dr. Maynard C. Wheeler, New York 
Editor of Transactions: Dr. M. Elliott Randolph, Baltimore 


Societé Francaise D’Ophthalmologie.—The French Society of Ophthal- 
mology held its 66th Congress in Paris, May 10 through 14. This happened to be 
the 75th Anniversary of the foundation of the Society. The meeting was therefore 
particularly important. A great number of foreign members had come for this 
exceptional occasion, and the U. S. A. was represented by Conrad Berens (New 
York), R. Castroviejo (New York), Mrs. Daily (Houston), and Brittain Payne 
(New York). 

The opening session of the meeting, on Sunday morning, May 10, was devoted 
to the commemoration of the 75th anniversary with the Secretary of Health in the 
Chair. The speeches were delivered by Mr. René Onfray, of Paris, who gave a 
brief account of the French Society since its birth; Mr. Hambresin, of Brussels, 
who spoke in the name of the European ophthalmologists; Mr. C, Berens, of 
New York, representing North America; Mr. Hilton Rocha, of Bello Horizonte, 
Brazil, representing South America; Mr. Misao Uyemura, of Tokyo, representing 
Asia, and Mr. Mohamed Aouchiche, of Dakar, representing African ophthal- 
mologists. 


On Monday morning, May 11, papers were on the ciliary body. Jacques Mawas 
(Paris) had studied the nerves in the ciliary body where they are particularly 
abundant; there are also a few ganglion cells. The discussion was opened by 
Guy Offret (Paris). A. Brini and Porte (Strasbourg) studied the ciliary body 
through the electron microscope; they found first a row of cells in contact with 
the aqueous, which were already observed by Pease; below a layer of pigmented 
cells, and finally the stroma; the discussion was opened by J. Frangois (Ghent). 
Nico Trantas (Athens) reported some cases of atrophy of the trabeculum; there 
are some cases where the atrophy is caused by a trauma, but more interesting are 
those observed in glaucoma, uveitis, and Fuch’s syndrome; the discussion was 
opened by J. Francois (Ghent), P. M. Amalric and co-workers (Albi) stressed 
that the pathogeny of Fuch’s syndrome was still unknown; experimenting on the 
sympathetic in the rabbit they were unable to produce it; they think that there 
must be some link between Fuch’s syndrome, simple congenital hetechromia, and 
the heterochromia secondary to a lesion of the sympathetic. The discussion was 
opened by Bernard Streiff (Lausanne). Hilton Rocha (Bello Horizonte) ques- 
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tioned whether there could exist a sympathetic ophthalmitis without any perfora- 
tion; he reported on a case of serous uveitis and ophthalmomalacia in one eye, 
followed later by serous uveitis in the other, and where serial sections showed no 
perforation but typical sympathetic ophthalmitis. The discussion was opened by 
P. Desvignes (Paris). Emile Zenatti (Paris) considered that tonosphygmography 
can be useful in the diagnosis of chronic glaucoma; thanks to this method, one 
can measure the blood pressure in the choroid, and in glaucoma this pressure is 
always found high; the discussion was opened by Paul Bailliart (Paris). G. Offret, 
C. Haye, and R. Campinchi (Paris) showed slides of an eye operated on five days 
previously for cataract under a-chymotrypsin, the patient having died of coronary 
thrombosis ; the corneal wound was healing normally, the hyaloid was normal, and 
there was no ciliary vasodilation, but there was an exudate on the surface of the 
ciliary body. The discussion was opened by J. Nordmann (Strasbourg). A. Busacca 
(Sao Paulo) read a paper on the anatomical and embryological basis of chemical 
zonuolysis; he stressed that the hyaloid was composed of two parts, one derived 
from the final vitreous, the other from the hyaloid vitreous; according to him, 
the a-chymotrypsin disolves both the zonula and the final vitreous but does not 
touch the hyaloid vitreous. The discussion was opened by G. Lepat (Liége). G. 
Renard and P. Dhermy (Paris) presented a case of epithelioma of the sinus 
which had penetrated the orbit and even the eye. The discussion was opened by 
G. Offret (Paris). Naci Bengisu and Sezer (Istanbul) were able to isolate and 
cultivate Sezer’s virus in the hypopyon of a case of Behcet's disease ; the discussion 
was opened by E. Hartmann (Paris). A Bouzas (Athens) read a paper on three 
cases of Behcet's disease with neurological symptoms; the discussion was opened 
by L. Calmettes (Toulouse). 

On Monday afternoon, May 11, free papers were presented. E. Laine and 
P. Francois (Lille) reported three cases of aneurysm of the internal carotid 
artery; they stressed the pathogeny and also the difficulty of the diagnosis with 
a pituitary tumor. The discussion was opened by P. Bonnet (Lyons). P. Wertheimer 
and co-workers read a paper on Parinaud’s syndrome. Out of 2,000 cases of brain 
tumors, 20 had Parinaud’s syndrome; in the majority of cases the tumor could 
be localized in the thalamic area. The discussion was opened by P. Bregeat (Paris). 
H. Viallefont and co-workers read a paper on the roentgenological examination 
of the cavernous sinus after injecting a contrast liquid in the angular vein; the 
discussion was opened by P. Bregeat (Paris). W. H. Melanowski (Warsaw) in 
cases of optic nerve tumors advised simple orbitotomy as the best operation; the 
discussion was opened by A. Vergez (Paris). Jean Mergier (Paris) observed a 
case of orbital cholesteatoma; the discussion was opened by G. Lombard (Paris). 
W. Straub (Hamburg) reported on the toxic effect of hydroquinone on the 
conjunctiva and the cornea; 13 workmen out of 17 handling this substance were 
affected. The discussion was opened by G. Offret (Paris). J. E. Winkelman and 
G. P. M. Horsten (Amsterdam) studied the electroretinogram in the newborn; 
this they found possible, and they compared it with results obtained with the young 
dog. L. Druault-Toufesco (Tours) found that there was a constant relation be- 
tween the weight and the diet of a diabetic patient and the condition of his retina. 
The discussion was opened by F. Deodati (Toulouse). L. Calmettes and co-workers 
(Toulouse) reported on seven cases of “dysoric” retinitis and considered that 
this trouble, observed in patients with very poor general condition, was due to a 
disturbance of the capillary permeability ; the discussion was opened by G. Bona- 
mour (Lyons). H. Remky (Munich) read a paper on uveitis in acquired toxo- 
plasmosis (20 cases); the discussion was opened by J. Francois (Ghent). G. Perdriel 
and co-workers studied the effect of altitude on contact lenses. They found that at 
an altitude of over 5,500 meters, air deposited under the lens with resulting corneal 
lesions and visual impairment; by the use of methyl-cellulose, this trouble was 
avoided. The discussion was opened by A. Mercier (Tours). 

On Tuesday morning, May 12, Jules Francois (Ghent) presented the main 
paper of the Dosiavess. This year it was on congenital cataracts. Little by little, 
the main papers at the I'rench Society of Ophthalmology had become larger and 
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larger, and for the last 20 years, at least, they are thick volumes of well over 500 
pages, Francois’ book has 853 pages and 506 figures, 20 of which are in color. 

The first chapters are devoted to the embryology of the lens, the anatomy, and 
the description of several congenital anomalies of the lens (besides cataract). The 
following chapters classify the congenital cataracts (capsular and capsulolenticular 
cataracts, total and regressive cataracts, cataracts developed in a normal or an ab- 
normal fetal lens). A few pages are devoted to early postnatal cataract, anomalies 
often associated with congenital cataract, and ERG in congenital cataracts. Several 
general syndromes, of which the congenital cataract is a part, are throughly de- 
scribed. Next come six chapters devoted to the different causes of cataract. Heredity 
is here well studied. The treatment is then discussed (surgical techniques, time of 
operations, general anesthesia, postoperative complications, postoperative treatment, 
and final results). The book, written by Frangois, is a very fine piece of work. 

It was distributed free of charge to all members of the French Society, but 
nonmembers can purchase it by applying to the publisher, Masson & Cie., 120 bd. 
Saint Germain, Paris 6. The price of the book is 11,000 fr. (about $22). After 
this presentation, which lasted an hour, a few papers were read on the same sub- 
ject. P. Valissaropoulos and C. Topalis (Athens) reported on the use of a 
chymotrypsin in operations on congenital cataract. The results in the Athens 
Clinic were very good. The discussion, opened by L. Paufique (Lyon) followed 
by J. Barraquer (Barcelona), tended to discourage the use of this procedure in 
patients less than 10 years old. C. Avanza and Balavoine (Geneva) described a 
new type of cataract (cataracta umbilicata) associated with brachymorphia and 
external ophthalmophlagia, which was found in three brothers. A. Franceschetti 
and P. Dieterle (Geneva) discussed the relationship between “Pagoda-like” cataract 
and central powdery cataract. S. Delthil and M. Crouzet (Paris) read a paper on 
cataract and congenital malformation in children of amblyopic classes in Paris. 
These papers were followed by a general discussion. 

During the afternoon films were shown. 

Wednesday morning, May 13, papers were on neuro-ophthalmology. Petit- 
Dutaillis and co-workers (Paris) read a paper on cases of pituitary adenomas 
with abnormal symptoms; the discussion was opened by Bregeat (Paris). Bregeat 
and co-workers described changes of the visual fields in oculomotor paralysis of 
long standing; they are similar to those observed in strasbismus amblyopia. The 
discussion was opened by A. Dubois (Paris). F, Thiebaut and N. Matavulj (Stras- 
bourg) read a paper on visual field anomalies in temporal lesions; the discussion 
was opened by Louis Guillaumat (Paris). M. A. Dollfus and co-workers (Paris) 
reported on the disc and the retina in 478 cranial traumas; the discussion was 
opened by P. Bregeat (Paris). M. Massin (Paris) discussed the decision to be 
taken when the optic nerve suffers after a cranial trauma; he had observed 66 
cases. The discussion was opened by M. A. Dollfus (Paris). P. Desvignes and 
co-workers (Paris) reported on late impairment of vision after cranial trauma ; 
the discussion was opened by B. Streiff (Lausanne). A Ricci and Maeder 
(Geneva) reported on two cases of very probable hysteric blindness ; the discussion 
was opened by E. Hartmann (Paris). H. Saraux and F. Martin (Paris) had 
observed 50 cases on tonic pupils and discussed the relationship with Adie’s syn- 
drome; the discussion was opened by P. V. Morax (Paris). M. Ardouin and 
co-workers (Rennes) had observed 16 cases of multiple sclerosis and believed 
that there were some fairly typical lesions of the fundus in this disease (arterial 
changes, thrombosis of some veins, pigment deposits in the choioretina, opacities, 
and even hemorrhages in the vitreous) ; the discussion was opened by M. Paufique 
(Lyon). J. Zanen (Brussels) read a paper on the photochromatic interval in 
neuro-ophthalmology ; the discussion was opened by A. Dubois-Poulsen (Paris). 
M. Collier (Pau) reported on a case of late epilepsy with dyskeratosis of Darier 
and hemihypertrophy ; the discussion was opened by oI Bessiére (Bordeaux). 

Thursday morning, May 14, was devoted to three papers. S. Postic (Novi Sad) 
read a paper on the etiology of chronic follicular conjunctivitis; the discussion was 
opened by G, Bietti (Rome). I. Vassilev (Sofia) advocated the surgical treatment 
of xerosis (technique of Fillatow-Schewaljow) ; the discussion was opened by 
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L, Paufique (Lyon). E. Rosselet and co-workers (Lausanne) read a paper on 
tuberculous uveitis in children. They found that these responded well to antibiotics 
and sanatorial cures; the use of corticosteroids was debatable. The discussion was 
opened by P. V. Morax (Paris). A. Larmande and J. Orfila (Algiers) discussed 
the comparative morphology of the Weeks and Pfeiffer bacilli when examined 
with the electronic microscope; the shapes of the two bacilli were found to be 
different. The discussion was opened by J. Mawas (Paris). O. Litricin and I. 
Stankovic (Belgrade) read a paper on the primary malignant tumors of the 
cornea; the discussion was opened by F. Hervouet (Nantes). Jean-Sédan and 
co-workers advised a psychomotor study of students intending to specialize in 
ophthalmology ; the discussion was opened by C. Coutela (Paris), L. Valk (Hel- 
mond) advised, in diabetic retinophathy, the use of nor-androsténolonphényl- 
propionate; the discussion was opened by M. A. Dollfus (Paris). A Zuccoli 
(Lugano) advocated diathermocoagulation through the conjunctiva in the prophy- 
lactic treatment of retinal detachment ; a temperature of 60-65 C is reached within 
5 or 6 seconds and is maintained during 6 seconds; the discussion was opened 
by M. A, Dollfus (Paris). C. Thomas and co-workers (Nancy) observed five 
cases of typhus and verified the vascular lesions already described in that disease ; 
the discussion was opened by G. Bonamour (Lyons). F. Hervouet (Nantes) 
reported on the sections of several eyes with spontaneous retinal detachment ; he 
felt that congenital anomalies might be responsible for this accident (choroidal 
lesions, anomalies of the pigmentary epithelium and of Bruch’s membrane). The 
discussion was opened by L. Paufique (Lyons). M. Woillez and co-workers 
(Lille) observed two cases of temporal arteritis with abnormal symptoms ( retinal 
nodules and optic neuritis) ; the discussion was opened by E. Bessiére ( Bordeaux). 
A. Baron and Le Bourhis-Gouray (Nantes) had studied, on patients and ex- 
perimentally, the use of corticosteroids in cases of corneal herpes; the result 
varied according to the cases and to the age of the lesion. The discussion was 
opened by J. Legrand (Nantes). 

All these papers and discussions will be published in a volume which usually 
comes out toward the end of the year and can be obtained by applying to Masson 
& Cie., 120 bd. Saint Germain, Paris 6. 

During the meeting there were the usual operative sessions in the Paris hospi- 
tals and also a demonstration of patients treated by roentgentherapy for tumors at 
the Curie Institute. The Ligue contre le Trachome met on May 9 and on May 11, 
the International Association for the Prevention of Blindness. There were five 
meetings of the Entretiens therapeutiques en Ophthalmologie, which took place 
Thursday, May 14, through Saturday, May 16, and were devoted to the study of 
complications after eye surgery. “he International Council of Ophthalmology met 
on the afternoon of Saturday, May 9. 

The usual excursion took place on Wednesday afternoon, the members of 
the Society being taken to Compiégne by train and visiting the Chateau. 

The usual banquet took place on Tuesday night and was particularly successful 
as it celebrated the 75 anniversary of the Society. 
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Books 


Plastische Chirurgie am Auge. By E. von Walser. Pp. 258, with 285 illustra- 
tions. Price, not given. Springer-Verlag, Heidelberger Platz 3, Berlin, 
1959. 

This text, in German, covers the entire field of plastic surgery of the eye and 
its adnexa, and for those who read German fluently it is a weil-illustrated reterence 
text for this subject. An excellent bibliography is given. 


Parsons’ Diseases of the Eye. By Sir Stewart Duke-Elder. Thirteenth 
edition. Price, $8.75. Pp. 613, including index, with 459 illustrations, 
22 in color. The Macmillan Company, 60 5th Ave., New York 11, 1959. 

The first edition of this excellent textbook of ophthalmology appeared in 1907. 
It is gratifying to see that this 13th edition has been brought up to date and 
amplified by Sir Stewart in a manner which cannot be approached by any other 
English author. Sir John Parsons may not be known to many younger American 
ophthalmologists, but his multivolume text on ocular pathology was the authoritative 
English text on this subject and for many years after the editions were out of 
print was a prize collector’s item. His monographs on color vision and form 
es are still well worth reading if they can be obtained. They are long out 
of print. 

In a certain sense this volume is a condensed Duke-Elder and can be used by 
the ophthalmologist preparing for Board examinations to great advantage. It is 
not suitable for medical students, since it is really a condensed textbook of oph- 
thalmology for the postgraduate student. 


Transplantation of Tissues (Skin, Cornea, Fat, Nerve, Teeth, Blood Vessels, 
Endocrine Glands, Organs, Peritoneum, Cancer Cells): Vol. II. Edited 
by Lyndon A. Pier, M.D. Price, $20. Pp. 690, including index. Williams 
& Wilkins Company, Mount Royal & Guilford Aves., Baltimore 2, 1959. 

The first volume on the transplantation of tissues was published in 1955, This 
volume deals with the transplantation of specialized tissues, each chapter being 
contributed by a specialist in the field. The chapter on the cornea was done by 

Dr. Ramon Castroviejo. This chapter is disappointingly short, occupying only 

twenty-four pages, which makes it one of the shortest in the book. 

The book begins with an excellent general résumé of cells and tissues and the 


zoologic laws of transplantation. The illustrations are excellent, owing largely to 
the use of a high-grade gloss paper. 


Diseases of the Nose, Throat and Ear. Edited by Chevalier Jackson, M.D., 
and Chevalier L. Jackson, M.D. (with the collaboration of 61 outstanding 
authorities). Second Edition. Price, $20. Pp. 886, with 1193 illustrations, 


including 16 plates in color. W. B. Saunders Company, 218 W. Washing- 
ton Sq., Philadelphia 5, 1959. 


Sixty-one authorities have contributed to this well-known volume on diseases 
of the nose, throat, and ear. It will be used by ophthalmologists as an authoritative 
text whenever need is felt to seek information in this area of medicine. 

The illustrations and printing are excellent. 


Collected Reprints of the Francis I. Proctor Foundation for Research in 
Ophthalmology, University of California: Vol. II. 1954-1958. 

Reprints of all manuscripts published from the Francis I. Proctor Foundation 
have been bound together and form a useful collection of research papers which 
might not be available to the average reader otherwise. Many of these papers 
have, of course, appeared in the two American journals of ophthalmology, but the 
others are reprints from less available sources. An index of authors and subjects 
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would be valuable, and it is hoped that in the future the Foundation will see fit 
to make this addition. 


I. E. S. Lighting Handbook. Third Edition. Price, $10. Pp. 1100. Illuminating 
Engineering Society, 1860 Broadway, New York 23, 1959. 


This is a standard book on lighting published by the Illuminating Engineering 
Society of America and provides the reader with essential information on light 
and lighting in simple terms and condensed style. This edition brings the subject 
up to date and includes chapters on the physics of light, light and vision, and the 
measurement of light and other radiant energy and chapters on the type of lighting 
needed for practically every type of industry and avocation in which light is 
used. For example, twenty-three pages are devoted to lighting in sports, and 
twenty pages to lighting in aviation. Miniature lamps are given consideration, as 
well as photographic lamps for taking pictures and for reproduction, projection, 
television, and radar. 

This is an extremely comprehensive handbook and contains a great deal of 
useful information. It should be in every large library, to be used as a reference 
book. 


News and Comment 


ANNOUNCEMENTS 


Seminar on Glaucoma.—A seminar on glaucoma, with particular em- 
phasis on gonioscopy and the study of the anterior angle, will be given at 
the Brooklyn Eye and Ear Hospital on Nov. 16, 17, and 18, 1959. Ample 
opportunity for practical instruction in the use of the gonioprism will be 
given and material from the glaucoma clinic will be utilized. 

The course will be given by Doctor Daniel Kravitz, assisted by Drs. 
Mortimer A. Lasky, Nicholas P. Tantillo, and Samuel Zane. Registration is 
limited to six ophthalmologists only. 

Application and the fee of $50 may be addressed to Dr. Daniel Kravitz, 
Brooklyn Eye and Ear Hospital, 29 Greene Ave., Brooklyn 38, N. Y. 
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Harrington-Flocks 
Field Screener 


Introduced by Jenkel-Davidson in 1956, the Harrington-Flocks Visual Field Screener has become 
standard equipment in leading ophthalmologists’ offices throughout the country. 


This Screener has proved to be remarkably accurate— and you can easily test a patient in three 
to five minutes! No special instructions are needed. Just press a button activating the black light flashes. 
What the patient sees on the various test cards indicates any loss in visual field, signaling the neces- 
sity of further tests for glaucoma and other diseases. 


Order today—take advantage of this new low price. 
Satisfaction guaranteed. Write or wire collect 


366 Post Street « San Francisco, California 


For New IDEAS, Visit our Booth 105-107 at the American Academy of 
Ophthalmology, Palmer House, Chicago 
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IMPROVED 
BONE SAW 

for the 
OPHTHALMOLOGIST 


. . is an indispensable aid in performing dacryocystorhinostomies 
and the Kronlein operation. This efficient bone saw combines these latest 
refinements developed to best implement the surgeon's skill: 


LIGHT WEIGHT MANEUVERABLE 


FEATURES of the © CONVENIENT TO HOLD ¢ ACCURATE 
STRYKER VERSATILE . TIME SAVING 


BONE SAW SAFETY—will not cut or injure the nasal mucus mem- 
brane or other adjacent soft tissue. 


lliff Trephine for dacry- 


é Illustrating use of the 
ocystorhinostomies. 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 
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ORTHOPEDIC FRAME COMPANY 

420 ALCOTT AVENUE, KALAMAZOO, MICHIGAN 
Send me the Ophthalmologist Bone Saw on approval. 
Send me a brochure and reprint by Charles E. Iliff, M. D. 


Send me a reprint of the article entitled “Dacryocystor- 
hinostomy with Polyethylene Tubing: A Simplified Tech- 
nique” by Dr. G. Bonaccoloto. 


PRICE: Ophthalmologist Unit Group 
No. 4 includes 3 blades and 2 tre- 
phines $234.00 


Address SURGICAL AND HOSPITAL EQUIPMENT 


420 ALCOTT KALAMAZOO, MICHIGA 


City 


© 
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Your assurance of 


SAFE 
in the administering of 
ophthalmic drops: MINIMS. 


Case jin point: 


PHENYLEPHRINE: Exposure to room atmosphere. in 

the course of administration may cause decomposition 
of phenylephrine, resulting in discoloration, loss of 
potency, and irritation to ocular tissues, Phenylephrine 
in the Minims sterile package and over-wrap 

prevents such deterioration...because the medication 
is not exposed to air until the very instant of use. 


Furnished as Phenylephrine Hydrochloride 2.5% and 10%. 
Also available — packs of 20 overwrapped Minims, stable 
for an indefinite period, of the following drugs 

(each Minims package containing the usually 
administered number of drops of each): 

Atropine Sulfate 1% and2% 

Eserine Salicylate 0.25% and 0.5% 

Homatropine Hydrobromide 2% and 5% 

Pilocarpine Hydrochloride 1% and 2% 

Scopolamine Hydrobromide 0.2% 
Tetracaine Hydrochloride 0.5%" 


— convenient for — surgery, office, ward, 
outpatient use, doctor’s bag. 


. 


Barnes-Hind Ophthalmic Products, Inc., 895 Kifer Road, Sunnyvale, California, Regent 6-462 
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the ophthal 


ZOLYSE 


alpha-chymotrypsin with BALANCED SALT SOLUTION, ALCON 


in CATARACT SURGERY 


ZOLYSE (alpha-chymotrypsin with BALANCED SALT SOLUTION, ALCON) lyses the 
zonules, facilitates delivery of the lens and minimizes such dangers as capsular rupture, 
loss of vitreous, traumatic iridocyclitis and detachment of the retina. 

The BALANCED SALT SOLUTION, ALCON, which is furnished as a diluent and for 
lavage purposes, “offers less cytotoxic effect to the intraocular tissues than does 
normal saline diluent.''*"'It has been recently demonstrated that frequent irrigation 
with saline results in swelling of the corneal stroma from alteration of the mucopoly- 
saccharides of the cornea.''? 

ZOLYSE reduces operative and post-operative-complications. 

ZOLYSE is well tolerated in patients over 20. 

Each ZOLYSE unit contains one vial of 750 units of lyophilized alpha-chymotrypsin 
and one 10 cc vial of BALANCED SALT SOLUTION, ALCON, as the diluent and 
for irrigating the eye. 


“Girard, Louis J., and Neely, Wanda: “The Evaluation of Zolyse in Cataract Extraction”, Research 
Report No. 11, Alcon Laboratories, Inc., 1959. aa" ms 


*Boyd, Benjamin F.; Enzymatic Zonulysis, Highlights of Ophth., vol. III, no. 4, pg. 70, 1959. 
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ALCON LABORATORIES. liic 


i-gard precision MAGNIFIERS 


Shown is $438 
tens 344” x 2%”, 6.50 D. 


Judge them from any standpoint and you'll agree that plastic lenses also have high resistance to breakage. 
I-Gard magnifiers are in a class by themselves. Comfortable, steady handling results from amazing] 
Accurate magnification for eye comfort is unsurpassed light weight, perfection of balance and grip design. 
. ». assured in most types by Aspherical lenses covering Perfect gifts . . . handsomely mounted on ivory-tinte 
the widest possible field of view, with perfect distortion- frames. Get full information from your I-Gard distributo} 
free vision from edge to edge. The remarkable I-Gard or Write us. 

24 MODELS . . . HAND, STAND, FOLDING . . . VARIOUS SIZES AND POWERS 


$1000 22 Hand Strip $442 $428 Stand Readers 

Folding Cross Cylinder Hand Reader Cataract 4 Sizes... 

1%” x 1%", 3%” x 142”, 4” x 3”, 8D. Stand Reader Monarch show# 

9D. 4x10D. 50 mm. dia., 62” x 4%" le 
20 D. 4.50 D. 


v McLEOD Optical Company, Inc. 357 westminster street, Providence 1, Rhode Island 
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FOR CONTACT LENSES OF THE HIGHEST QUALITY? 


C1) OBRIG LABORATORIES is the pioneer and oldest manufacturer of plastic contact lenses. 
@ OBRIG LENSES are the product of twenty years of research and experience. 
© OBRIG LENSES stand for unsurpassed quality and excellent service. 
OBRIG LABORATORIES makes available to its customers a consultation service and assists them wi 
their problem fitting cases. 
5] OBRIG LABORATORIES keeps its fitters abreast of all the latest developments 
and techniques in the contact lens field. nee eerhettios... 


e 75 East 55th Street 
LABORATORIES, INC. New York 22, N. Y. 


Manufacturers of sarasota, tlorida office... 
all types of COMtact lenses Box 791 


Sarasota, Florida 
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with the ALL-NEW 


AMERICAN 


\ ATHLETIC GLASSES 


NOW! 
Reinforced ends 
for rough 
use 


Expandable, adjustable 
“Glass Gard” headband 
“Cushion Fit” 
shock absorbent 
rubber nose piece 
Special contoured 
lenses to 
fit face 


Drop-ball tested 
safety glass or 
plastic lenses 


@ Att American ATHLETIC GLASSES are a wise 44-20 
investment in eye safety for athletes. These 
all-new glasses have been designed by BENSON 44-23 
to provide the finest in protection without interfering 47-20 
with performance . . . assuring complete player 47-23 
confidence! Note the specific design features above — 3 
and you'll agree that your athlete-patients who wear Temples available 
glasses deserve this kind of all-around protection. from 6" through 
Advertisements reaching thousands of athietic 7" cable. 
coaches and athletes around the country will advise 


“Order through your doctor.”” Be ready — examine a 
complete sample at nominal cost. Write today ... 


BENSON OPTICAL COMPANY 
Executive Offices ©@ 1812 Park Avenue, Minneapolis 
specialists in prescription optics since 1913 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 
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Reprinted from TODAY'S HEALTH July, 1959 
Copyright 1939 by the American Medical Association 


Have You Had 
a Checkup Lately? 


by MILTON DWORIN, M.D. 


Your patients will find 
the answer here in this lively 
discussion by a fellow physician. 


Single copy, 10 cents 
Quantity discounts available 


\ 
‘ 
: 
; 4 
Fs 
AMERIC. ; SOCI ON 


A Complete Glass and Plastic 
Artificial Eye Service 


. with a guarantee of satisfaction a 


BBRE FRIED & KOHLER, INC. G. DANZ & SONS EARLE SCHREIBER 


665 Fifth Ave. 240 Stockton Street 671 Broad St. 
Tel.: ELdorado 5-1970 SAN FRANCISCO 8, CALIFORNIA Tel.; MArket 2-8376 
NEW YORK 22, N. Y. . NEWARK 2, N. J. 


ERICKSON LABORATORIES GREINER & MUELLER 


302 Medical & Dental Bldg. 55 E. Washington St. 


Phone: 2-9175 Tel.: FRanklin 2-4449 
SEATTLE 1, WASHINGTON CHICAGO 2, ILLINOIS 


Our knowledge of shapes and colors enable us to create a superior product in every respect. 
We make custom-made eyes and provide perfect color matching. We match damaged or 
broken eyes accurately. We carry a large stock of eyes to provide quick service. 


Write the manufacturer nearest you for your next ocular prosthesis. 


rom V. Mueller 


COMPLETE TONOGRAPHY UNIT 


Electronic Tonometer 
and Recorder combined in 
a single portable unit! 


Developed and built exclusively by V. 


This portable Tonogra Unit 
needed, major contributi to po 


graphic. research. The Tonometer is 
improved, more rugged, less subject to inter- 
ference, and easier to read. Specially adapted 
large graph recording device. 


OP-9050 Mueller Electronic T: ra TR. 
For !10 volts, 60 cycles, AC. egy ng 


Improved Mueller Electronic Tonometer or Re- 
cording Unit EA are also available separately. 


Write for illustrated descriptive folder today 


IMUELLER CO. 


Fine Surgical Instruments and Hospital Equipment 
330 South Honore Street Chicago 12, Illinois 
DALLAS HOUSTON LOS ANGELES ROCHESTER, MINN. 
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1905 Beverly Blvd. [SMB] 


Established over 30 years 


Angeles 57, Calif. 


For the Extra Refracting or Treatment Room 


CHAIR: Upholstered, reclining, ad- 
justable headrest, can be raised or 
lowered by large ball-bearing wheel; 
can be locked in any position; eleva- 
tion 18 to 24". $155.00 in brown, green 
or black. Other colors available at 
$5.00 extra. 


CABINET: Stainless steel d; wall 
mounted or floor model; with or with- 
out electrical equipment. Can be 
furnished with pull-out writing shelf 
and horizontal drawers on roller bear- 
ings. $115.00 to $290.00 


STOOL: Upholstered; with or without 
backrest; ballbearing casters. $20.00— 
$26.00 in brown, green or black. Other 
colors available at $1.00 extra. 


LIGHT: Can be mounted on Chair or 
wall; vertical movement by means of 
self-adjusting clutch on bar, lateral 
and anterior-posterior movement by 
means of goose-neck. $22.00 


LIGHT SHIELD: For standard 100 watt 
lamp $5.00 


STAINLESS STEEL TISSUE CON- 
TAINER: $3.00 


CATALOGUE ON REQUEST 


THE BRAWNER G-L 
A Modern Inclusion Implant 


is the ideal implant for enucleation operations. 


AND— 


motility. 


Fa. information, including description, 
prices and operative technique, as sug- 
gested by Dr. Brawner, will be sent on 


It is designed to simplify the operation—Eliminate muscle isolation—Minimize 
the possibility of extrusion or migration—Shorten post-operative hospital time— 


“It lets the patient decide” if he prefers a less-expensive conventional plastic reform 
eye with limited motility, or a Custom “Matching-back” prosthesis for adequatc 


; 
3 Ri tg | @ 
| «Laboratory 
; f Richmond 19, Virginia 
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TEARISOL 


Keratitis Sica (“dry-eye”’) 
Tonometry 


Contact Lens Wear 
Prosthetics 


OTHER ISO-SOL METHYLCELLULOSE PRODUCTS: Methylcellulose Gonio- 
scopic / Methylcellulose 1% Plain / Methylcellulose 1% in Ringers 


For sample and literature write 


THE ComPANy, INC. LINDENHURST, N. Y. 


Pioneer Specialists in Sterile Ophthalmic Solutions 
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MATALENE 


SURGICAL INSTRUMENTS CO., INC. 
GRAND CENTRAL PALACE BUILDING—125 EAST 46th St., N.Y. 17, N.Y. 
SUCCESSORS TO £. B. MEYROWITZ SURGICAL INSTRUMENTS CO., INC. 


SCHIOTZ 
TONOMETER 


IN STAINLESS STEEL 


This instrument is made in strict accordance with 
the revised specifications ied on March 8 
1952, by the Committee on Standardization of 
Tonometers of the American Academy of Oph- 
thalmology and Otelasyagology, and is supplied 
in a dust-proof case which has separate recesses 
od the Instrument, Test Block, Weights, and 
unger. 


As made in our own laboratories it preserves all 
of its original effectiveness for determining ocular 
tension with a new margin of accuracy, sturdi- 
ness, ease of handling beauty of finish that is 
characteristic of instruments made by Matalene. 


It has been found satisfactory by many Ophthalmologists and meets all the specifications of the A.A.O.O. Tonometry 
Committee. Approved by the Electrical Testing Laboratories, it leaves nothing to be desired from the standpoint of 
accuracy. 


in case, with certification, each $60.00 


HOUSE DUST ALLERGY 
by Karl D. Figley, 8 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


Of interest to you 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


and your patients 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


THE MENACE OF ALLERGIES 
RAGWEED AND HAY FEVER 
by Oren C. Durham, 2 pages, 5 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 © ILLINOIS 
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Many Cases of 
Subnormal Vision 


respond to “3D3” 
OPTICAID 


Magnifies equal to 3 times 
in 3 dimensions with 


focal distance of 12 inches 


Substantial improvement in cases of low visual acuity is reported 
E d r oO by Ophthalmologists with this revolutionary “3D3” Optica 
y Spectacle loop. 


Each “3D3” Opricaip loop is light in weight, perfectly bal- 

Products Co. anced. Its lenses give high luminosity in a wide field of view. 
Permits Der wong of the pupilary distance from 58mm to 

70mm. Provision is made for prescription glasses when neces- 

Dept. E, 480 Lexington Avenue sary. “3D3” Opticaip opens a whole new area of service, 


New York 17, N. Y. enabling you to offer substantial aid to many cases of retarded 
vision. Write for full details. Retail Price $50. 


LAMINATED SAFETY LENSES 


Backed by Warranty for Life of Correction 


. .. permit you to include the vital factor of Eye Protection in every prescription 
with fullest confidence. For more than 25 years, the laminated construction of Motex 
Lenses has proven both positive and practical . . . even in minus lenses where the 
thin and fragile hazard center is positioned directly before the pupils of the eyes. 


Motex are warranted to give satisfactory service for the life of 
the correction. Warranty slips are supplied with each pair of 
genuine Motex lenses. 


OPTICAL INDUSTRIES 


INCORPORATED 
1701 GENT AVENUE 
INDIANAPOLIS 2, INDIANA 
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MOST USEFUL 
e In Explaining Diagnosis to Patient 


e Lectures 
Student Reference 


e Demonstrations 


@ Study 
Nurses Training 


Natural Size and Color Depicts: 


Conjunctiva 

Cornea 

Sclera 

Superior Rectus Muscle 
Inferior Rectus Muscle 
internal Rectus Muscle 
External Rectus Muscle 
Vortex Veins 

Choroid 

Superior Oblique Muscle 
Inferior Oblique Muscle 
Optic Nerve 

Anterior Chamber 
Uveal Tract 


tris 

Pupil 

Suspensory Ligament of 
the Ciliary Processes 

Crystalline Lens and Extra 
Lens Simulating Cataract 

Ora Serrata 

Vitreous Humor 

Retina 

Papilla 

Arteries and Veins 

Macula 

Ciliary Body 

Ciliary Nerves 


Write for Descriptive Folder or Order on Our 
Money Back Guarantee ..... only $25.00 


We offer a complete artificial 
eye service too—ask for folder. 


Serving the Profession Since 1851. 


30 N. Michigan Ave. 


Chicago 2, Illinois 


CLEVELAND 
KANSAS CITY 


DETROIT 
MINNEAPOLIS 


HOUSTON (Soper Bros.) 
ST. LOUIS 


BOSTON PHHADELPHIA PITTSBURGH WASHINGTON 


WHEN YOUR DIAGNOSIS INDICATES 


ORTHOPTICS 


CONSIDER OUR 
SALES RECORD OF 
OVER 11,000 SETS 

OF 


DVORINE 
ANIMATED 


FUSION 
CHARTS 


A complete set of fusion charts in full color for office 
and home training, Base-in and Base-out. 


OUTSTANDING FEATURES 
of 


jors Cha 
rome Vertical Fusion 


Spectacies and ce 
Drawing Outfit © Tracing Sheets 


Available on pre- 
scription at your 
Ophthalmic Dispens- 
er, American Opti- 
cal Co., and other 
optical supply 
houses. 


ALL IN 
ONE SET 
with directions 


$12.00 


Less 5% if check ac- 
companies your order 


SCIENTIFIC PUBLISHING CO. 
Dept. A—2328 Eutaw Place Baltimore 17, Maryland 
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Here are several booklets on mental hygiene 
that may prove of interest and use to you 
and your patients, 


EMOTIONAL HEALTH IN WORK AND PLAY 
T. R. Retlaw, 8 pages, 15 cents 


HYPNOTISM—HUMBUG OR HEALING 
James A. Brussel, 6 pages, 10 cents 


YOUR STAKE IN MENTAL HEALTH 
George S. Stevenson, 4 pages, 10 cents 


THE PSYCHIATRIST Edward Dengreve 
and Doris Kulman, 6 pages, 10 cents 


BOOKLETS ON 
MENTAL HYGIENE 


Keep a supply of these booklets on hand, 
Available at lower cost for quantity pur- 
chases, 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street Chicage 10 Iilinol 


York 22, N. Y. 


Top-Grade Technical Performance 


« Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 40 years 
of existence, is a guarantee of complete patient : 
satisfaction. by 


DOW OPTICAL CO. 


W. E. DOW, Pres. 


il. Bloomington, Ill. 


OPHTHALMIC EQUIPMENT 


BAUSCH & LOMB 
REFRACTING UNITS TEST LENS SETS 
CHAIRS—ALL TYPES TRIAL FRAMES 


SLIT LAMPS RISLEY ROTARY PRISM 
KERATOMETER PRISM BARS 
VERTOMETER OCCLUDERS 
PERIMETER TEST OBJECTS 


ACUITY PROJECTOR TONOMETERS 
GREENS REFRACTOR MADDOX ROD 
ADJUSTABLE TABLES RED GLASS 
STOOLS—ALL TYPES 
COLOR BLINDNESS CHARTS 
HOLMGREN’S COLOR TEST 
GLASS & PLASTIC PRISMS 
MORTON OPHTHALMOSCOPE 
COPELAND STREAK RETINOSCOPE 
SCHEPENS BINOCULAR 


HOUSE DUST ALLERGY INDIRECT OPHTHALMOSCOPE 

by Karl D. Figley, 8 pages, 15 cents DIAGNOSTIC INSTRUMENTS AND SURGICAL INSTRU- 

FOOD ALLERGY MENTS ARE OUR SPECIALTY 

by Samuel M. Feinberg, M.D., 6 pages, 10 cents ALL TYPE OF EQUIPMENT AND INSTRUMENTS 

SKIN ALLERGY REPAIRED AND SHARPENED 

by Samuel M. Feinberg, M.D., 6 pages, 10 cents WE EXPORT TO ALL PARTS OF THE WORLD 

ASTHMA AND HAY FEVER QUICK DELIVERIES 

by Samuel M. Feinberg, M.D,, 6 pages, 10 cents Phone, GRamercy 5-0585 

RAGWEED AND HAY FEVER 

by Oren C. Durham, 2 pages, 5 cents S. G. KREBS CO., INC. Distributors for 

Bausch & Lomb 
AMERICAN MEDICAL ASSOCIATION New eis Vs Nat. Elec. Inst. Co, 


535 North Dearborn Street @ Chicago 10 @ Illinois 
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It's NEW 


Visit Booth 18-19 During Academy 


See RheoTran 


(Patent applied for) 


So Compact 
by 


Plugs Direct 


A. John Belgard 


OPHTHALMIC OPTICIANS 
Wholesale Rx Service 
Since 1920 


109 N. Wabash, at Washington 


The RheoTran—H 


MUROCOLL 
EPINEPHRINE 
BITARTRATE 


DESCRIPTION—Epinephrine, as bitar- 
trate, is available as a !°%, solution, or a 
2% solution; these sterile collyria are 
prepared according to the formulary of 
the Massachusetts General Hospital and 
the Massachusetts Eye and Ear Infirmary. 

USES—As adjunctive therapy in uveitis, 
breaking posterior synechiae, and for 
reducing intraocular pressure in certain 
cases pe oie simple glaucoma. 

CONTRAINDICATIONS—Absolute acute 
and hemorrhagic glaucoma. 

AVAILABILITY—7.5 cc. 

MURO OPHTHALMOLOGIC FORMU- 
LARY available to physicians on request. 

MUROCOLL preparations are available 
through retail pharmacists. 

PLEASE SPECIFY—M UROCOL L— 


on prescriptions. 
Muro Pharmacal Laboratories, Inc. 


25 Huntington Avenue, Copl uare, 
BOSTON 16, MASSACHUSETTS 


7-6311 
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STAINLESS STEEL CABINETS 


FOR THE OPHTHALMOLOGIST 
AND THE OTOLARYNGOLOGIST 


Formica covered working surface. Other models 
start at $60.00. Stools and instrument tables 
available. 


P & S MEDICAL EQUIPMENT 
14525 Arminta, Van Nuys, California 
ST 0-0447 
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can give this patient the optics and psycho-therapy indicated! 


The presbyopic age of women usually coincides 
with the ‘change of life’, which in many cases, 
manifests itself by varying degrees of neurosis. 
These unhappy beings realize that they have 
reached the pinnacle of womanhood and feel 
they are now in a decline. They are extremely 
conscious of their age and appearance, and any 
further emphasis of the inevitable aging process 
. . . such as prescribing an obviously visible 
bifocal . . . is added shock to the already exist- 
ent neurosis. 


The Younger-22 Seamless Lens is particularly 
indicated for reluctant presbyopes who, on being 
told they need bifocals, insist instead on a pair 
of reading glasses. Only Younger Lenses will 
overcome this resistance in the majority of cases. 

The fact that Younger-22 Seamless Lenses 
allow the patient clear, comfortable vision for 
both reading and distance without any confusing 
or conspicuous dividing line, has a dramatic 
psychological appeal to those ophthalmic neu- 
rotics who resist bifocals for any reason. 


YOUNGER MANUFACTURING COMPANY © Los Angeles 15, California 7 154 
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announcing 


ARMORGREY 


Armorlites are now available in uniform density neutral grey 


Singie Vision 


or 
Armorgrey Dark ; 
grey Bifocal 


j , Armorgrey Medium 


distributorship inquiries invited 


RMORLITE LENS oco.,, inc. 


the developers of hard plastic lenses 


117 EAST COLORADO ST + PASADENA, CALIFORNIA 


Complete without The Berman Metal Locator 


“THE BEST IN SIGHT” 


Reflections 


An electromagnetic detecting device that quickly 
sing) and accurately locates metallic foreign bodies, in- 
ond cluding magnetic intraocular foreign bodies. Metal- 


glasses. Extremely: gdherent. lic fragments are readily detected from a satisfac- 
Peers é No “Ghost tory distance through intervening bone, tissue and 
oege fluids. Probing or physical contact with the foreign 


body is not required for detection. 


The thin sterilizable probe provides preoperative 
For details, contact your - localization, “pin-point" accuracy within the inci- 
Regular Optical Supplier or— sion and postoperative check. 
Lends precision to foreign body surgery and 
MAY RESEARCH INC. greatly reduces surgical treume. 


Box 1167, Minneapolis 40, Minnesota BERMAN LABORATORIES 


112-03 Reckaway Bivd. Ozone Park 20, N. Y. 
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No Prescription 

An xpensive vacuum coating exclusivel 
ophthalmic lenses that adds to 
efficiency. Recommended for 
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| potent agents for improved therapy of | 


oral control of intraocular pressure—even on long-term use 


DICHLORPHENAMIDE 


inhibits aqueous humor formation 

continued effectiveness, even on long-term use 
reduces danger of metabolic acidosis inherent in 
other carbonic anhydrase inhibitors 

may be effective when other therapy, including 
miotics, has failed or has not been tolerated 
smooth control —few side effects 


low dose effectiveness —less dosage than with 
other carbonic anhydrase inhibitors 


fast acting 
50 mg. tablets 


topical control of intraocular pressure 


HUMORSO 


DEMECARIUM BROMIDE 


potent and long acting miotic 


because it is unusually potent, it may be 
useful in breaking up peripheral synechiae 


aqueous— isotonic with conjunctival fluid 
stable 
can be used in combination with DARANIDE 


0.25% solution, in 5 cc. vial with dropper 


also available: FLO RO P RYL. for local treatment of glaucoma and strabismus 


SOFLUROPHATE U.S. P. 


0.1% solution, 0.025% ointment 


Detailed information on ‘Daranide’, ‘Humorsol’, and ‘Floropry!’ available to physicians on request. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc, PHILADELPHIA 1, PA. 


PHUMORSOL, DARANIDE, AND FLOROPRYL ARE TRADEMARKS OF MERCK & CO., INC. 
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THE NEW 


With classic beauty comes the new “‘Luralei” by Continental . . . a combination 
frame of luxurious Lustre-Glo Lurex* with 1/10 12K gold-filled eye-rims. Richly 
hand-engraved in the new Roman “Acanthus Leaf” pattern, the Luralei is 
available in Champagne, Chestnut, Sapphire or Charcoal tones. And note the 
absence of unsightly hinge shields on the front . . . made possible by Continen- 
tal’s exclusive construction. Show the Luralei and you show a modern classic 
*High Purity Aluminum with satin finish coe by CONTINENTAL, 


INDIANAPOLIS 
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Predmycin offers unique, 
three-fold action: neomycin 
(0.5%) for prompt and potent 
antibacterial action against 
over 90% of ocular disease- 
causing organisms, prednisolone 
(0.2%) to check destructive 
inflammatory reactions, and 
phenylephrine (0.12%) to 
improve the eye’s appearance, 
allay irritation, reduce 

edema and localize the 
prednisolone in the tissue. 
Dose: 1-2 drops in the eyes, 
two to four times a day. 
Predmycin does not sting or 
burn on administration. 


Supply: 5 cc. plastic dropper 
bottles—on prescription only. 


ALLERGAN CORPORATION Los Angeles 17, California 


é 


